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Editorial 


Traditionally  all  abstracts  of  contributions  submitted  to  the  23rd  General  Assembly 
are  included  free  of  charge  in  the  Annales  Geophysicae  Supplement  once  they  were 
accepted  by  the  appropriate  convener(s)  and  once  they  were  received  in  time,  in  the 
standard  format  and  of  sufficient  quality  for  reproduction.  Abstracts  submitted  for 
symposia  included  in  two  different  parts  of  the  Supplement  issue  are  included  (twice) 
in  both  parts,  respectively. 

Like  in  previous  years,  not  all  contributions  included  will  actually  be  presented. 
Because  of  the  lack  of  financial  support,  several  young  scientists  as  well  as  colleagues 
from  the  central  and  east-European  countries  will  not  be  able  to  participate  in  the 
meeting,  although  the  Society  has  continued  its  support  schemes,  such  as  the  Young 
Scientists'  Travel  Award  and  the  East  European  Support  Award.  In  this  way  there  are 
more  abstracts  included  in  the  Abstract  Book  than  contributions  compiled  in  the 
Programme  Book.  Therefore,  in  order  to  simplify  the  ordering  of  abstracts  within  an 
event,  we  have  adopted  the  alphabetical  order  with  respect  to  the  surname  of  the  first 
author  rather  than  the  order  of  presentation  in  the  Abstract  Book. 

With  almost  5.800  contributions  received,  this  Supplement  of  Annales  Geophysicae  has 
become  an  important  open  forum  for  fast  distribution  of  results  of  geophysical 
research  on  a  pan-European,  international  level,  helping,  at  the  same  time,  to  promote 
the  contact  between  all  geophysicists  in  Europe.  Please,  support  the  fostering  of 
cooperation  and  contact  your  colleagues  also  if  not  personally  present  this  time.  For 
this  reason,  the  authors  have  also  included  a  contact  e-mail  or  fax  number  in  their 
abstract  for  faster  correspondence. 

On  behalf  of  the  Society  I  am  very  pleased  to  welcome  you  to  Nice  on  the  occasion 
of  the  23rd  General  Assembly  of  the  European  Geophysical  Society.  May  your 
participation  in  this  meeting  be  successful  and  scientifically  rewarding. 

A.K.  Richter 
Executive  Secretary 
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including  urban  and  regional  problems  in  the  troposphere  and  global- 
scale  problems  in  the  troposphere  and  stratosphere  (joint  with  OA)  C  738 
OA22  Biogeochemical  processes  in  submarine  hydrothermal  systems  along 

the  Hellenic  Volcanic  Island  Arc  C  743 

ST15  Atmospheric  ozone  (joint  with  OA)  C  744 

01  Modelling  and  validation  with  satellite  data  C  744 

02  Polar  ozone  C  749 

03  Changes  in  UN-B  radiation  C  754 

04  Tropospheric  ozone  with  emphasis  on  the  Mediterranean  region  C  756 

05  Ozone  as  a  climate  gas  C  763 

ST17  Aviation  and  space  flight  (joint  with  OA)  C  765 

01  Aviation  impact  on  the  atmosphere  C  765 

02  Air  traffic  meteorology  and  weather  on  aviation  C  770 

OA23  Operational  oceanography:  existing  systems,  developments  and  future 

potential  C  778 

OA24  Marine  data  management:  assimilation,  hindcasting  and  nowcasting  C  783 

OA25  Developments  in  weather  forecasting  C  788 

OA26  Will  the  probabilistic  approach  be  the  future  for  numerical  weather 

predictions?  C  793 
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NP1  Scaling,  multifractals  and  nonlinear  variability  in  geophysics  C  796 

03  Scaling,  multifractals  and  nonlinearity  in  oceans  &  atmosphere 

(joint  with  OA)  C  796 

NH2  Meteorological  and  hydrological  hazards  (co-sponsored  by  HS)  C  801 

03  Flood  hazards  and  flood  risk:  regional  analysis  of  extremes  (joint 

with  OA)  C  801 

OA27  Marine  tropospheric  chemistry  C  804 

Part  in  Space  &  Planetary  Sciences 

III.1  SOLAR  TERRESTRIAL  SCIENCES  (ST) 

ST1  Review  session  on  solar-terrestrial  sciences  C  827 

ST2  Open  session  on  the  middle  atmosphere  (co-sponsored  by  OA)  C  829 

ST3  Open  session  on  the  ionosphere  and  thermosphere  C  838 

ST4  Open  session  on  die  magnetosphere  C  850 

ST5  Open  session  on  solar  and  heliospheric  physics  C  859 

ST6  Nonlinear  dynamics  in  the  heliosphere  (co-sponsored  by  NP)  C  870 

ST7  Nonlinear  processes  in  the  ionosphere  and  magnetosphere 

(co-sponsored  by  NP)  C  875 

ST8  The  high-latitude  ionosphere  and  magnetosphere:  coupling  and  solar 

wind  forcing  C  880 

ST9  Effects  of  geomagnetic  storms  and  high-energy  particle  events  on  the 

ionosphere,  thermosphere,  and  middle  atmospehre  C  886 

ST10  Ionospheric  modelling  and  predictions  C  892 

ST11  New  results  on  the  dynamics  of  the  Earth's  magnetosphere  from  the 

Interball  multi-spacecraft  missions  C  900 

ST12  Theory  and  simulations  of  solar  system  plasmas  C  907 

ST13  The  Sun:  SOHO  and  related  results  C  913 

01  Plasma  diagnosis  of  the  solar  atmosphere  by  photon  spectroscopy 

and  remote  particle  measurements  C  913 

02  Multi-wavelength  observations  of  solar  atmospheric  structure, 

evolution  and  eruptions  C  916 

STM  Solar  imprints  in  terrestrial  archives  (co-sponsored  by  OA)  C  921 

ST15  Atmospheric  ozone  (co-sponsored  by  OA)  C  922 

01  Modelling  and  validation  with  satellite  data  C  922 

02  Polar  ozone  C  927 

03  Changes  in  UV-B  radiation  C  932 

04  Tropospheric  ozone  with  emphasis  on  the  Mediterranean  region  C  934 

05  Ozone  as  a  climate  gas  C  941 

ST16  Stratosphere-troposphere-exchange  (co-sponsored  by  OA)  C  943 

ST17  Aviation  and  space  flight  (co-sponsored  by  OA)  C  953 

01  Aviation  impact  on  the  atmosphere  C  953 

02  Air  traffic  meteorology  and  weather  impact  on  aviation  C  957 

OA18  Heterogeneous  and  homogeneous  chemistry  of  reactive  halogen 

compounds  in  the  lower  troposphere  (joint  with  ST)  C  965 
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OA19  Free-radicals  in  the  troposphere  (joint  with  ST)  C  973 

OA20  Radiogenetic  isotopes  as  tracers  of  source  areas  for  aerosols,  suspended 

matter  and  sediments  (joint  with  ST)  C  978 

NP3  Transport  and  mixing  in  geophysical  flows  C  980 

05  Transport  and  mixing  of  chemical  species  in  the  atmosphere, 

including  urban  and  regional  problems  in  the  troposphere  and  global- 
scale  problems  in  the  troposphere  and  stratosphere  (joint  with  ST)  C  980 

ni.2.  PLANETARY  AND  SOLAR  SYSTEM  SCIENCES  (PS) 


PS1 

PS2 

PS3 

PS4 

PS5 

PS6 

PS7 

PS8 

PS9 

PS10 

PS11 

PS12 

PS13 


Planetary  interiors  q  985 

Evolution  and  state  of  surfaces,  crusts  and  lithospheres  of  planetary 
bodies  c  988 

Atmospheres  of  terrestrial  planets,  outer  planets  and  moons  C  996 

Planetary  magnetospheres  and  ionospheres  C  1003 

Small  bodies  of  the  solar  system  Q  ioiO 

Solar  system  radiophysics  and  related  topics  C  1015 

Laboratory  studies  and  observations  on  dust,  ices  and  organics  in  the 
solar  system  q  jq20 

Meteorites  and  cosmochemistry  C  1026 

Lunar  exploration  q  iq28 

Interrelations  between  asteroids,  near-Earth  asteroids  and  meteorites  C  1033 

Observation  of  solar-system  objects  with  ISO  C  1036 

Planet  formation  and  extra-solar  planets  C  1042 

Mars  Pathfinder  Mission:  Update  C  1045 


Part  IV  Nonlinear  Geophysics  &  Natural  Hazards 
IV.1.  NONLINEAR  PROCESSES  IN  GEOPHYSICS  (NP) 


NP1  Scaling,  multifractals  and  nonlinear  variability  in  geophysics  C  1067 

01  Scaling,  multifractals  and  nonlinearity  in  Solid  Earth 

(co-sponsored  by  SE)  q  1057 

02  Scaling,  multifractals  and  nonlinearity  in  hydrology 

(co-sponsored  by  HS)  C  1071 

03  Scaling,  multifractals  and  nonlinearity  in  oceans  &  atmosphere 

(co-sponsored  by  OA)  C  1073 

04  Scaling,  multifractals  and  natural/man-made  hazards  (co¬ 
sponsored  by  NH)  C  1079 

ST6  Nonlinear  dynamics  in  the  heliosphere  (joint  with  NP)  C  1083 

NP2  Predictability  &  time  series  analysis  C  1088 

01  Quantifying  predictability  q  1088 

02  Execution  and  analysis  of  geophysical  laboratory  experiments  C  1091 

03  Nonlinear  time  series  analysis  C  1093 

NP3  Transport  and  mixing  in  geophysical  flows  C  1099 

01  Transport  and  mixing  in  stably  stratified  fluid  C  1099 
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NP4 

SE27 

SE31 

ST7 

NP5 

IV.2. 

STAAARTE 

IV.3. 

NH1 

NH2 


HSB1 

NH3 


02  Turbulence  and  mixing  in  geophysical  flows,  effects  of  stratification 
and  rotation,  convection,  effect  of  coherent  structures,  Lagrangian 
chaos 

03  Dispersion  in  two-dimensional  flows,  mixing,  anomalous  diffusion, 
experiments,  models  and  numerical  simulations 
04  Biological  processes  and  mixing  in  the  ocean  (co-sponsored  by  OA) 
05  Transport  and  mixing  of  chemical  species  in  fire  atmosphere, 
including  urban  and  regional  problems  in  the  troposphere  and 
global-scale  problems  in  the  troposphere  and  stratosphere 
(co-sponsored  by  OA  &  ST) 

06  Mixing  in  the  interior  of  the  Earth  (recycling  of  subducted  slabs) 
(co-sponsored  by  SE) 

Nonlinear  waves,  coherent  structures  and  natural  hazards 
01  Nonlinear  waves,  instabilities  and  wave-flow  interactions 
02  Fluctuations,  self-organization  and  natural  hazards  (co-sponsored 
byNH) 

03  Shallow  water  experiments  as  models  of  geophysical  and 
astrophysical  flows 

Mechanics  of  tectonic  and  volcanic  earthquakes  (joint  with  NP) 
Mechanics  and  thermalfluid-dynamics  of  volcanic  processes: 
modelling,  observations  and  laboratory  experiments  (joint  with  NP) 
Nonlinear  processes  in  the  ionosphere  and  magnetosphere  (joint 
with  NP) 

Vortex  dynamics 

STAARTE 

STAARTE  Workshop 
NATURAL  HAZARDS  (NH) 

Extreme  events  in  the  sea  and  near  shore  and  coastal  hazards 
01  Sea  surges  and  storms  (co-sponsored  by  NP) 

02  Submarine  landsliding 
03  Tsunamis 

Meteorological  and  hydrological  hazards  (co-sponsored  by  HS) 

01  Uncertainty  assessment  in  meteo-hydrologic  warning 
02  Prediction  of  hazardous  events  of  meteorological  origin 
03  Flood  hazards  and  flood  risk:  regional  analysis  of  extremes  (co¬ 
sponsored  by  OA) 

04  Modelling  and  flood  mapping  in  rural  and  urban  areas 
05  Shallow  landslides  and  rainfall  triggering 
Water  resources  research 

02  Influence  of  environmental  and  antropogenic  change  on  flood 
processes  (joint  with  NH) 

Earthquake  risk  mitigation  (co-sponsored  by  SE) 

01  Models  and  methods  in  seismic  hazard  assessment 
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1110 

1112 


C  1116 

C  1121 
C  1123 
C  1123 

C  1131 

C  1134 
C  1138 

C  1141 

C  1146 
C  1150 
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C  1159 
C  1159 
C  1162 
C  1163 
C  1166 
C  1166 
C  1162 

C  1170 
C  1172 
C  1176 
C  1178 

C  1178 
C  1181 
C  1181 
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02  Seismic  hazard  evaluation  in  high  seismicity  areas  by  observing 

precursory  phenomena  C  1185 

03  Macroseismics:  present  state  of  intensity-assessment  procedures 

and  future  perspectives  q  1192 

04  Active  fault  and  earthquake  risk  mitigation  C  1195 

05  Landslide  hazards  in  seismically  active  regions  C  1198 

06  Efficiency  of  building  codes  in  the  mitigation  of  tire  vulnerability  C  1203 

07  Seismic  microzonation  in  urban  areas  C  1204 

NH4  Volcanic  hazards:  field  studies,  instrumentation  and  observation 

networks  (co-sponsored  by  SE)  q  1208 

NH5  Geomorphological  hazards:  extent,  evaluation  and  mapping  techniques  C  1213 

NH6  Transfer  of  the  scientific  information  to  the  users  C  1218 
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SOLAR  TERRESTRIAL  SCIENCES  (ST) 

ST1  Review  session  on  solar-terrestrial  sciences 

Convener:  Fabian,  P. 

Cp-Convener:  Hapgood,  M.A. 


ESTIMATION  OF  THE  AMOUNT  OF  ENERGY  TRANSFERRED 
FROM  SOLAR  WIND  TO  THE  EARTH  MAGNETOSPHERE 
AND  IONOSPHERE 
I.  I.  Alexeev 

Institute  of  Nuclear  Physics,  Moscow  State  University,  1198999,  Moscow,  Rus¬ 
sia. 

alexeevfidecl.npi.msu.su/Fax:  [07]  095  939  35  53 

The  solar  wind  MHD  generator  is  the  general  energy  source  for  all  magne¬ 
tosphere  processes.  The  ionospheric  Joule  heating  and  ring  current  particle 
precipitations  to  atmosphere  are  the  main  energy  losses.  The  field-aligned  cur¬ 
rents  directly  transport  the  energy  and  momentum  of  the  solar  wind  plasma  to 
the  Earth’s  ionosphere  and  upper  atmosphere.  It  is  the  first  channel  for  energy 
transfer  to  the  Earth’s  magnetosphere  and  ionosphere.  The  magnetospheric 
plasma  sheet  and  tail  lobe  plasma  convection  generated  by  solar  wind  is  the 
second  energy  source.  The  convection  accompanies  the  plasma  sheet  and  cold 
ionospheric  polar  wind  ions  acceleration.  As  result  of  this  processes  the  ring 
current  injection  occurs  during  disturbed  intervals.  After  recovery  phase  of  the 
magnetic  storm  the  energy  is  released  in  the  form  of  ring  current  particle  pre¬ 
cipitations  to  atmosphere.  The  third  energy  transfer  way  includes  the  tail  lobe 
magnetic  field  energy  storage  connected  with  the  increasing  of  the  tail  current 
during  southward  IMF.  After  that  the  magnetospheric  substorms  occur.  The 
previous  magnetospheric  state  and  solar  wind  conditions  determine  amount  of 
energy  which  is  transferred  by  each  of  mentioned  above  ways.  Experimental 
evidences  and  model  simulations  are  reviewed  for  each  energy  transfer  process. 


IONIZING  RADIATION  OF  THE  SUN  AND  SOL AR -TERRESTRIAL 
CONNECTIONS 

S.V.  Avakvan  (Aerospace  Physical  Optics  Laboratory  of  S.I.  Vavilov  State 
Optical  Institute,  199034,  St.  Petersburg,  Birgevaya  12,  Russia) 

At  present  the  monitoring  of  the  solar  EUV  and  soft  X-ray  radiation  in  the 
main  ionizing  spectral  range  of  0.8-120  nm  are  not  carried  out.  The  purpose  of 
our  project  entitled  "The  creation  of  the  permanent  space  patrol  of  the  solar 
EUV  and  soft  X-ray  radiation"  is  to  fill  up  this  gap:  The  project  is  realized 
under  International  Science  and  Technology  Center,  Moscow.  The  response  of 
the  upper  atmosphere  and  ionosphere  on  the  solar  flares  have  scarcely  been 
studied  experimentally.  The  main  method  of  the  vertical  ionospheric  sounding 
is  not  informative  in  this  time  because  of  there  is  the  anomalous  absorption  of 
radio  waves.  Therefore  the  verification  of  the  theoretical  models  of  the 
ionosphere  is  still  difficult.  In  the  present  paper  process  of  excitation  of  the 
Rydberg  atomic  and  molecular  states  should  be  taken  into  account  in  the  solar- 
terrestrial  connections  as  a  source  of  the  information  on  the  solar  shortwave 
activity  (associated  with  the  solar  flares,  solar  cycles  and  solar  rotation).  The 
Rydberg  state  radiation  in  the  millimetric  and  centimeter  waves  penetrates 
downwards  in  the  atmosphere  and  biosphere  and  can  be  registered  on  the 
Earth  surface  as  the  passive  radio  ionospheric  sounding  during  solar  flares  and 
magnetic  storms.  This  characteristic  emission  of  the  upper  atmosphere  can  be 
probably  considered  as  an  "X-agent"  in  solar-atmosphere-biosphere 
connections  proposed  by  Soviet  heliobiologist  A.L.  Tchijevsky  (1897-1964) 
sixty  years  ago. 


PROBLEMS  IN  THE  PHYSICS  OF  SOLAR-TERRESTRIAL  EF¬ 
FECTS 
V.  Eaelevich 

Institute  of  Solar-Terrestrial  Physics,  664033  Irkutsk,  P.O.Box  4026,  Russia. 
•selfiiazf.irk.ru/Fax:  (395-2)  46  25  57 

A  general  approach  to  this  problem  is  formulated.  It  involves  dividing  all  solar 
wind  (SW)  flows  into  two  large  classes:  quasistationary  SW  streamers  (a  fast 
SW  from  coronal  holes,  and  a  slow  wind  flowing  in  streamer  belts  and  chains), 
and  sporadic  streams  (in  the  general  case  they  include  the  sequences:  shock 
wave,  shock-heated  plasma,  and  coronal  mass  ejection).  Since  sporadic  stream¬ 
ers  propagate  over  quasistationary  streamers,  these  latter  should  be  studied 
before  sporadic  streamers.  By  considering  an  example  of  fast  SW  streamers,  it 
is  shown  that  the  physical  picture  of  the  SW  streamers  flowing  out  of  the  coro¬ 
nal  hole  and  of  the  subsequent  movement  of  the  streamer  to  the  Earth’s  orbit, 
based  on  analyzing  current  observational  data,  makes  it  possible  to  obtain  semi- 
empirical  relationships  which  describe  reasonably  well  the  quantitative  corre¬ 
lation  of  coronal  hole  characteristics  with  parameters  of  related  SW  streamers 
at  the  Earth’s  orbit.  Semi-empirical  relationships  are  obtained,  which  relate 
coronal  hole  characteristics  to  instants  of  origin  of  terrestrial  magnetospheric 
disturbances  with  Kp  >  5  caused  by  fast  SW  streamers  from  these  holes. 


OUR  NEW  SUN 
R.  A.  Harrison 

Space  Science  Dept.,  Rutherford  Appleton  Laboratory,  Chilton,  Didcot,  Ox¬ 
fordshire  OX11  0QX,  UK. 

The  extremely  successful  Solar  and  Heliospheric  Observatory  (SOHO)  mission 
is  dominating  solar  physics  research  world  wide.  It  is  giving  us  a  new  view 
of  our  star,  allowing  us  to  probe  the  interior  of  the  Sun,  to  map  its  atmo¬ 
sphere  and  to  sample  directly  its  particle  emissions.  In  this  talk  a  review  of  the 
observations  made  from  the  SOHO  spacecraft  will  be  given.  Their  impact  on 
our  understanding  of  the  Sun  will  be  discussed  and,  in  particular,  major  new 
discoveries  highlighted. 


GLOBAL  RESPONSE  OF  OZONE  TO  COSMIC  INFLUENCE 

A.Krivolutsky,  N.Negreeva  (Central  Aerological  Observatory  ,Dolgoprudny,  Moscow 
Reg.,  Russia ) 

N.PerejasIova,  M.Nazarova  (Institute  0f  Applied  Physics,  Moscow,  Russia) 
G.Bazilevskaya  (Lebedev  Physical  Institute,  Moscow,  Russia) 

Solar  proton  fluxes  measured  on  base  of  monitoring  by  Russian  polar  satellites  system 
"Meteor" .galactic  cosmic  ray  intensity  (balloon  measurements  in  Stratos  phere  at 
Murmansk,  Moscow,  Alma-Ata  and  Mirny),  and  total  ozone  content  over  globe 
(ground  based  and  TOMS  observations)  were  used  to  investigate  a  temporal  and 
spatial  structure  of  total  ozone  response  to  cosmic  forcing.  Statistical  analysis  has 
revealed  a  clear  ozone  response  to  strong  SPE's  in  1972, 1989;  1991  and  1997 
(November).  Negative  response  was  revealed  at  high  latitudes  (of  about  15  Dobson 
units  when  yearly  averaged  data  were  used),  reduced  practically  to  zero  at  45  N  and 
becomes  positive  at  lower  latitudes  both  for  Southern  and  Northern 
Hemispheres.Decadal  response  of  ozone  to  GCR  which  is  in  antiphase  with  solar  cycle 
conteins  a  linear  negative  trend  of  about  1  DU/decade.  Positive  response  ot  total  ozone 
at  lower  latitudes  is  discussed  on  base  of  photochemical  modelling. 
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INVESTIGATION  OF  SOLAR-TERRESTRIAL  RELATIONSHIP  DURING 
GEOMAGNETOSPHERIC  STORMS  USING  PATTERN  RECOGNITION 
METHODS 

J.VJCovalevsky 

Institute  of  Terrestrial  Magnetism  and  Radio  Wave  Propogation  Academy  of  Science, 
Troitsk,  Moscow  Region,  142092  Russia 

jkovaI@izmiran.rssi.ru;  ishkov@top.izmiran.troitsk.ru,  FAX:  [095]  334-01-24 

The  investigation  of  complex  system  phenomena,  such  as  the  solar-terrestrial  flares, 
the  corona!  mass  ejections,  and  the  geomagnetospheric  storms  (GMS),  happening  in 
the  coupled  solar-terrestrial  system,  requires  to  resort  to  the  adequate  investigation 
methodology  and  methods.  It  is  suggested  a  new  methodological  approach  system 
approach  (SA)  based  on  pattern  recognition  methods  (PR).  The  main  purpose  of  this 
methodology  is  investigation  of  complex  phenomenon  as  integrity  in  which  the  set  of 
studied  processes  of  different  modality  is  considered  as  tightly  interconnected  complex 
in  space  and  in  time.  We  try  to  outline  very  briefly  one  of  the  possible  variants  of  a 
common  approach  of  attack  the  solar-  terrestrial  relationship  problem  (as  the  starting 
point)  during  GMS.  The  essence  of  the  approach  is  demonstrated  on  example  of  data 
analysis  of  the  GMS  as  a  key  link  of  chain  of  the  entire  very  complex  inter-connected 
solar-  terrestrial  system.  We  belive  that  the  application  of  suggested  approach  will  be 
usefull  to  solve  some  problems  of  the  cause-effect  connection  revealing  when 
evaluating  the  action  of  the  phenomena  in  the  solar-terrestrial  system  impact  on 
physical  and  technical  environments. 


THE  STRUCTURE  OF  THE  DAYSIDE  MAGNETOPAUSE 
AND  OF  DAYSIDE  AURORAL  PRECIPITATIONS  DUE  TO 
PULSED  MAGNETOPAUSE  RECONNECTION 

M.  Lockwood  and  M.  A.  Hapgood 
Rutherford  Appleton  Laboratory,  UK 
m.lockwood@rl.ac.uk/fax:  +44-1235-445848 

The  structure  and  variations  of  the  dayside  magnetopause  and  of  the 
corresponding  low-altitude  precipitations  are  discussed  in  terms  of  the 
open  magnetosphere  model.  In  particular,  a  much-studied  FTE  event, 
seen  by  the  AMPTE-UKS  and  -IRM  satellites,  is  shown  to  be  a  partial 
crossing  of  an  open  low-latitude  boundary  layer  (LLBL).  Application 
of  the  stress-balance  test  reveals  that  the  FTE  is  a  convecting  structure 
moving  in  a  direction  which  is  significantly  different  from  the  local 
magnetosheath  flow.  In  addition,  the  method  of  Lockwood  and  Smith 
(1992)  reveals  that  the  field  lines  in  the  event  core  were  opened  in  a 
pulse  of  enhanced  reconnection  rate.  These  results  indicate  that  the 
event  is  caused  by  a  thickening  of  the  LLBL  in  response  to  a 
reconnection  pulse,  rather  than  being  a  consequence  of  a  boundary 
indentation  due  to  a  magnetosheath  pressure  pulse.  The  ions  injected 
across  the  magnetopause  along  the  open  field  lines  precipitate  into  the 
ionosphere  where  they  form  the  precipitations  classed  as  dayside 
boundary  plasma  sheet  (BPS),  LLBL,  cusp,  mantle  and  polar  cap  as 
the  field  lines  evolve  away  from  the  open/closed  separatrix  and  towards 
the  tail  lobe.  Observations  of  these  precipitations  also  show  the 
predicted  effects  of  pulsed  reconnection. 


EL-NNO  AS  A  LINK  IN  SOLAR  -TERRESTRIAL  CONNECTIONS: 
GEODYNAMICAL  PROBLEMS 

M.Nuzhc&ia 

Kiev  Shevchenko  University;  Observatoma  3,  Kiev,  Ukraine,  254053; 
mnOaoku.freenet.kiev.ua 

EJ-NIno  and  Southen  OecBlatfon  (ENSO)-  events  correlate  with  correlation 
functions  between  equatorial  components  of  Atmospheric  and  Geodetic 
Excitation  Functions  of  the  polar  motion  (cor(AGEF))  (Nuzhdina ,  Koiaczek, 
1997.  Annates  GeopNsfcas,  Suppl.1 ,  Vol.  15,  p.7.).  Preliminary  AGEF  were 
Wared  to  obtain  data  series  with  annual  and  semi-annual  oscillations. 
Maximum  Entropy  Spectral  Analysis  has  been  carried  out  for  the  corfAGEF), 
ENSO,  Wolf-numbers  and  geomagnetic  activity  Index  Ap.  Main  oscillations  for 
x-  and  y-  component  of  the  cor(AGEF)  have  periods  of  about  20-28,  30-40, 
50-60,  60-70  months.  Analogous  variattuons  take  place  In  data  series  of 
ENSO,  Wolf-numbers  and  Ap-index.  Oscillations  with  periods  60-70  months 
and  20-30  months  In  geodynamlca!  and  ENSO  data  series  are  connected  with 
the  correspondent  variations  In  solar  activity  and  geomagnetic  disturbanes. 
The  first  osdtetion  is  a  harmonic  of  the  11-year  solar  activity  cycle;  the  last 
one  Is  known  Quasi-Biennia!  cycle. 

The  (cor(AGEF))  may  be  represented  as  an  amplitude's  modulated  process, 
where  semiannual  and  annual  ocslllations  are  own  variations  of  the  AGEF 
and  oscllations  with  periods  of  about  2-3,  5-6  years  are  the  periods  of 
amplitude  modulation  which  takes  place  during  ENSO  events. 


SHORT-  AND  LONG-TERM  OZONE  LAYER  VARIATIONS 
AND  THEIR  CORRELATIONS  WITH  SOLAR  ACTIVITY 

S.P.Perov,  G.M.Kruchcnitsky,  A.M.Zviyagintsev 
Central  Aerological  Observatory  (sperov@perjuffii.acju) 
S.F.Timashev,  I.G.Kostyuchenko  (Karpov  Physical-Chemical  Institute) 

Total  ozone  (TO)  -  solar  activity  correlations  in  the  range  of  minutes  - 
years  have  been  established  with  the  help  of  wavelet  analysis  and 
spectral  analysis  in  glide  time  window  as  well.  Power  spectra  of  data  sets 
of  some  daily  solar  parameters  (sunspot  numbers,  2.8  GHz  indices 
values  of  solar  mean  magnetic  field,  Lyman  &  emission  values  etc.)  have 
been  compared  with  some  geophysical  parameters  (TO,  Earth's  rotation 
velocity,  ENSO  index)  spectra.  It  is  shown:  TO  world  network  data  sets 
exhibit  11 -years  periodicity  only  for  some  peiods  and  with  a  different 
coeffitients  of  correlation,  the  strongest  Forbush  decreases  give  the 
statistically  significantly  TO  decreasings  approximatly  1  Dobson  unit. 
Amplitudes  (1.-15  D.u.)  and  periods  (5...500  minutes)  of  TO  oscillations 
in  tropics  show  a  good  correlations  with  the  indices  of  2.8  GHz  for  the 
well  known  27-days  solar  activity  periodicity.  This  fact  seems  to  confirm 
the  dynamical  nature  of  TO  ozone  oscillations  and  their  connection  with 
vertical  wind  variations  caused  by  IGW.  Possible  mechanismes  are 
discussed.  The  work  was  partly  supported  by  the  Russian  Foundation 
for  Fundamental  Research,  Grant  No  96-05-66003. 


THE  NIGHSIDE  MAGNETOSPHERIC  TAIL 
J.A.  Sauvaud 

CESR/CNRS,  Toulouse,  France. 
aauvaudCcesr. cnes.fr/Fax:  [+33]  5.61.55.67.01 

A  review  of  the  nightside  magnetospheric  tail  is  presented  according  to  recent 
observations.  A  strong  emphasis  is  given  to  the  coupling  between  the  solar  wind 
and  the  magnetosphere  which  leads  to  energy  storage  in  the  tail  and  to  sudden 
energy  dissipation  starting  at  substorm  onset.  First  the  dynamics  of  the  tail 
is  examined  from  geosynchronous  orbit  to  the  far  tail  during  substorm  growth 
phase.  It  is  shown  how  the  tail  magnetic  field  increase  due  to  reconnection  is 
linked  to  the  overall  increase  of  the  tail  current,  to  energetic  particles  decelera¬ 
tion  at  geosynchronous  orbit  and  to  plasmasheet  thinning  in  the  mid-tail.  The 
location  of  the  initiation  region  of  substorms  is  deduced  from  multi-satellite 
studies  of  the  tail  field  changes  and  from  backward  trajectories  computations 
of  bouncing  ions.  An  attempt  is  made  to  link  the  mid  tail  dynamics  with  the 
far  tail  one  using  magnetic  signatures  of  propagating  cross-tail  disruption,  sud¬ 
den  plasmasheet  thinning,  travelling  compression  regions  (TCR)  and  travelling 
plasmoid. 


THE  SOLAR  RADIATION  AND  MODELS  OF  CONTROL  PROCESSES 
OF  WATER  STORAGE  DYNAMICS  IN  NORTH  AFRICAN  CONDITIONS 

R  Souf  Eljil  (1)  and  E.Z.  Gak.  (2) 

Agrophysical  Research  Institute,  Saint-Petersburg,  Russia.  (Tunisia), 
client  spbpost@rex.iasnet.ni  (theme:  Box  9-  Dr. Souf  Eljil) 

It  is  very  important  to  study  the  problems  of  the  necessity  of  taking  into  account  of 
solar  radiation  in  models  of  control  processes  of  water  storage  dynamics. 
Stimulating  of  optimisation  these  processes  takes  into  account  different 
meteorological  factors  and  climatic  parameters,  and  the  role  of  the  solar  radiation 
in  the  production  process  and  in  system  soil-  plant-atmosphere  is  considered  as  the 
most  important  one.  While  simulating  the  dynamics  of  water  storages  we  have 
developed  the  algorithm  of  calculating  the  operative  control  of  irrigation  time  and 
rates.  Model  experiments  realised  with  the  help  of  the  computer  allowed  to  solve 
some  theoretical  problems  of  investigating  and  applying  the  theory  of  one  way 
positive  control  to  the  solution  of  the  concrete  task  of  operative  optimal  control 
(Souf  Eljil  R,  1993,  1995).The  information  was  obtained  in  complex  investigations 
specific  for  the  region  under  the  study  (Tunisia).Obtaincd  temporary  dependencies 
of  solar  radiation  in  conditions  of  North  Africa  reflect  the  phenomena  of  global 
scale.  E.g.  magnetic  storm  registered  in  conditions  of  avroral  zone  of  south 
magnetic  pole  (Russia-Arkhangelskaya  region)  on  the  whole  concedes  with 
temporary  structure  FAR  registrated  in  conditions  of  Tunisia.  The  synchronous 
reaction  of  cellular  structures  of  different  genotype  on  magnetique  storm  noted 
(Belesheva,  1995),it  permits  to  wait  and  analogous  influences  on  biological  objects. 
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BISPECTRAL  ANALYSIS  OF  NON-LINEAR  TIDAL/PLANET  ARY-WAVE 
COUPLING  IN  THE  MESOSPHERE  AND  LOWER  THERMOSPHERE 

A. G. Beard,  NJ. Mitchell  and  P.J.S.Williams 

Department  of  Physics,  The  University  of  Wales,  Aberystwyth,  Ceredigion,SY23 
3BZ.  UK.,  E-mail:  agb9  l@aber.ac.uk 

Atmospheric  tides  in  the  mesosphere  and  lower  thermosphere  are  known  to  exhibit 
considerable  short-term  fluctuations  in  amplitude.  The  mechanisms  producing  this 
variability  are  poorly  understood,  but  are  believed  to  include  non-linear  interactions 
between  tides  and  planetary  waves.  Meteor-radar  data  collected  ov£r  the  UK  betw  een 
1989  and  1994  are  analysed  in  the  light  of  current  non-linear  interaction  theory,  which 
suggests  the  production  of  secondary  waves  having  frequencies  that  are  the  sum  and 
difference  of  those  of  the  primary  waves  (the  tide  and  planetary  wave)  involved  in  the 
interaction.  Quadratic  phase  coupling  is  also  predicted  between  the  primary  and 
secondary  waves.  Bispectral  analysis  is  a  powerful  technique  for  investigating  the 
occurrence  of  such  non-linear  interactions  and  the  suitability  and  limitations  of  this 
technique  as  a  detector  of  quadratic  phase  coupling  in  geophysical  data  sets  are 
discussed. 
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COMPARISON  OF  CRISTA  I  DATA  WITH  ER-2  MEASURE¬ 
MENTS  WITH  THE  HELP  OF  A  TRAJECTORY  MODEL 

J.  T.  Bacmeister  (2),  G.  Eidmann  (1),  V.  Hull  (1).  D.  Offermann  (1)  and 
P.  Preusse  (1) 

(1)  Physics  Department  of  Wuppertal,  Gauss-Strasse  *20,  4*2097  Wuppertal. 

(2)  Code  7641.  Naval  Reseach  Laboratory,  Washington  DC,  2037-5. 
eidmannCypos2.physik.uni-vuppertaX.de/Fax:  [49]  20*2  439  2680 
CRISTA  measurements  of  CFCll  and  HNO3  over  Alaska  at  an  altitude  of 
about  20  km  acquired  during  its  first  flight  in  November  1994  were  compared 
with  ER-2  observations  in  the  same  region  over  a  time  interval  of  eight  hours 
at  the  beginning  of  the  CRISTA  mission.  Though  miss  times  and  distances  oc¬ 
casionally  were  low.  at  several  locations  non-negligible  discrepancies  occured 
between  the  mixing  ratios  found  by  both  methods.  As  atmospherical  dynamics 
were  high  in  the  investigated  region,  a  two-dimensional  isen tropic  trajectory 
model  using  analyzed  winds  has  been  applied  to  shift  data  from  both  observa¬ 
tions  to  a  fixed  point  of  time  for  further  comparison.  The  agreement  between 
the  mixing  ratios  from  the  two  observations  of  both  trace  gases  is  shown  to 
improve  considerably  following  this  analysis. 


SENSITIVITY  STUDIES  OF  THE  WINTER  MIDDLE  ATMO¬ 
SPHERE  WITH  AN  ADJOINT  MECHANISTIC  MODEL 

F.  Baier  (*)  and  G.  Gunther  (*) 

(*)  Institute  for  Geophysics  und  Meteorology,  Cologne  University.  Albertus- 
Magnus-Platz.  D -5092 3  Cologne,  Germany. 

Four  dimensional  data  assimilation  has  become  operational  in  numerical 
weather  prediction  and  is  now  beeing  developed  for  GCM's  too.  Adjoint  model 
formulations  are  therefore  needed  as  efficient  computational  tools.  They  can 
also  be  used  for  sensitivity  studies.  We  derived  an  adjoint  model  version  from 
a  global  mechanistic  model  of  the  middle  atmosphere  (COMMA)  to  test  physi¬ 
cal  parameterizations  and  predictability.  To  study  Northern  Hemisphere  winter 
conditions  we  used  three  different  datasets  (SSU,  UKMO.  ECMW  F)  covering 
the  time  period  from  October  1991  until  March  1997.  For  the  lower  stratosphere 
diabatic  heating  sources  and  planetary  wave  activity  will  be  discussed.  Above  10 
hPa  observations  are  less  frequent  and  reliable.  But  accurate  knowledge  of  the 
radiation  and  gravity  wave  fields  is  strongly  recommended  e.g.  for  climatologic 
calculations.  To  analyse  main  contributions  to  the  observed  mean  stratospheric 
and  mesospheric  circulation  we  used  the  adjoint  system  for  sensitivity  studies 
taking  into  account  both  observations  and  model  dynamics. 


MASS  EXCHANGE  ACROSS  THE  SUBTROPICAL  BARRIER 
IN  A  3-D  GLOBAL  MODEL  DURING  A  SIMULATED  SUDDEN 
STRATOSPHERIC  WARMING. 

A.  Beck 

RRZN,  Universitat  Hannover,  D-30159  Hannover,  Germany. 
beckflrrzn.uni-hantiover.de/Fax:  [49]  511  7623003 

The  mass  exchange  from  the  tropics  into  midlatitudes  across  the  subtropical 
barrier  during  a  simulated  midwinter  stratospheric  warming  is  investigated  with 
a  tracer  experiment  in  a  3-d  global  gridpoint  model. 

The  exchange  process  is  driven  by  the  activity  of  planetary  waves  and  clearly 
dependent  on  height.  The  largest  flux  out  of  the  tropics  occurs  between  15  and 
20  km  and  is  directed  to  the  winter  hemisphere.  A  smaller  secondary  maximum 
of  flux  of  tropical  air  to  midlatitudes  is  located  near  30  km.  Above  this  level, 
the  flux  from  the  tropics  to  midlatitudes  decreases  with  height,  reaching  its 
minimum  near  the  model  stratopause. 


THE  EVOLUTION  OF  THE  STRATOSPHERE  IN  A  3-D  GLOBAL 
GRIDPOINT  MODEL  AT  THE  PRESENCE  OF  STEADY  STATE 
ENSO  WARM  AND  ENSO  COLD  FORCING. 

A.  Beck  (1)  and  S.  Leder  (2) 

(1)  RRZN,  Universitat  Hannover,  D-30159  Hannover,  Germany,  (2)  Instiut  fur 
Meteorologie,  FU  Berlin,  D-12165  Berlin,  Germany. 
beckflrrzn.uni-hannover.d«/Fax:  [49]  511  7623003 

A  global  3-d  mechanistic  gridpoint  model  is  used  to  investigate  the  response 
of  the  stratosphere  to  different  climatological  lower  boundary  forcing  at  200 
hPa.  Three  1000  days  model  simulations  with  constant  lower  boundary  forcing 
of  the  observered  geopotential  height  fields  at  200  hPa  for  January  of  ENSO 
cold.  ENSO  warm,  and  climatological  mean  will  be  compared  in  detail.  Main 
emphasis  is  put  on  pronouncation  of  the  stratospheric  winter  polar  vortex  and 
the  intensity  and  the  frequency  of  ouccuring  stratospheric  warmings. 

The  use  of  the  geopotential  heights  at  200  hPa  of  the  ENSO  cold  January  leads 
to  a  better  pronounced  stratosheric  polar  vortex  as  at  the  presence  of  ENSO 
warm  or  climatological  mean  low^er  boundary  forcing. 
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DUAL  WAVELENGTH  POLARIZATION  LIDAR  OBSERVATIONS  AT 
TROPICAL  LATITUDES  DURING  THE  ALBATROSS  CAMPAIGN  1996 

Georg  Beverle*1'2*,  Heinz-Jtirgen  Schafer*1,3*,  Thierry  Leblanc*3*,  I.  Stuart 
McDermid*2*,  and  Otto  Schrems*1* 

***  Alfred  Wegener  Institute,  Germany,  *2}  Jet  Propulsion  Laboratory,  Califor¬ 
nia  Institute  of  Technology,  USA,  *3)  Forschungszentrum  Jiilich,  Germany 

An  analysis  of  high  altitude  cirrus  cloud  observations  and  stratospheric  temper¬ 
atures  profiles  derived  from  lidar  observations  during  the  ALBATROSS  cam¬ 
paign  (Atmospheric  chemistry  and  lidar  studies  above  the  Atlantic  ocean  re¬ 
lated  to  ozone  and  other  trace  gases  in  the  tropo-  and  stratosphere)  in  October- 
November  1996  are  presented.  The  measurements  were  performed  aboard  the 
German  research  vessel  uPOLARSTERN”  between  35° N  and  45aS.  On  the  ba¬ 
sis  of  dual  wavelength  polarization  data  the  temperature  dependence  of  the 
relation  between  the  color  ratios  of  the  parallel  and  perpendicular  backscatter 
coefficients  are  analyzed.  We  find  an  abrupt  change  at  about  240  K  which  is 
interpreted  as  changes  of  particle  shape  and/or  size  distribution.  At  tempera¬ 
tures  between  195  and  255  K  a  small  fraction  of  the  observations  are  consistent 
with  the  presence  of  small  particles  with  dimensions  of  less  than  0.1  pm.  Alti¬ 
tude  profiles  of  stratospheric  temperature  between  25  and  50  km  are  calculated 
by  integration  of  the  elastic  backscatter  signals  at  355  and  532  am.  Deviations 
from  the  mean  profiles  are  analyzed  to  study  the  wave  activity  in  the  tropical 
stratosphere. 


STUDY  OF  WAVE  PROCESSES.  RAISED  IN  THE  ATMOSPHERE  BY 
THUNDERSTORM.  WITH  HELP  OF  MUON  HODOSCOPE. 

V.V.  Borog.  A.V.  Gvozdev.V.V.  Dronov  E-ml:  borog@nevod.mephi.msk.su 

New  method  of  detection  of  internal  gravity  waves  in  atmosphere  by  means  of  ground 
level  cosmic  ray  observations  is  developed.  Muon  hodoscope  registers  angular 
distribution  of  cosmic  ray  particles,  which  depends  on  air  density  up  to  40  km  height 
The  setup,  constructed  in  Moscow  (MEPHI),  includes  the  microbarograph  with 
sensitivity  about  300  counts/mbar,  and  the  muon  hodoscope  with  area  9  sq.m  and  the 
angular  resolution  about  1-2  degrees.  After  calibration,  this  device  was  put  into 
operation  in  1997;  it  can  continuosly  register  muon  flux  with  statistical  accuracy  about 
0.5%  for  l  minute  time  intervals.  The  setup  operated  in  the  period  of  thunderstorm 
activity  on  May  6-15,1997.  The  characteristics  of  wave  processes  in  atmosphere,  at 
this  time  interval,  have  been  obtained  simultaneously  with  help  of  the  microbarograph 
and  muon  hodoscope.  It  is  found,  that  internal  gravity  waves,  generated  in  periods  of 
storm  activity,  are  effectively  registered  by  means  of  muon  hodoscope  with  a  level  of 
reliability  higher  than  99.99  %.  It  is  shown  that  time  oflife  of  a  gravity  wave  in  the 
period  preceding  the  storm  exceeds  4  hours,  and  distance  of  propagation  of  such  wave 
can  reach  200  km.  At  this  time,  the  frequency  resolution  reached  with  muon 
hodoscope  in  peaks  of  power  spectra  density  was  2-3  %,  that  is  about  in  three  times 
are  better,  than  at  microbarograph.  Lengths  of  a  waves  in  the  period,  preceding  the 
storm,  did  not  exceed  5  km,  and  80  %  of  periods  of  gravity  waves  were  in  the  range 
from  2  to  6  minutes. 


STRATOSPHERIC  SUDDEN  WARMINGS  IN  THE  BERLIN  TSM 
GCM.  PART  2:  DIAGNOSIS  USING  THE  TEM  FORMULATION 
P.  Braesicke  and  lT.  Langematz 

Institut  fur  Meteorologie,  FU  Berlin,  12165  Berlin,  Germany. 
braeOstrat01.net.fu-berIin.de/Fax:  [+49]  30  838  711  28 

A  ten  year  integration  of  the  Berlin  TSM  GCM  is  used  to  demonstrate  differ¬ 
ent  evolutions  of  the  Arctic  polar  vortex.  The  differences  between  the  various 
wintertime  sudden  warmings  in  the  Northern  Hemisphere  are  described  using 
the  TEM  (transformed  Eulerian  mean)  circulation.  The  stream  function  for  this 
meridional  circulation  shows  a  comprehensive  picture  of  the  time  evolution.  The 
relationship  between  the  intensity  of  the  streamfunction  in  mid  latitudes  and 
polar  temperatures  is  investigated. 

Because  the  streamfunction  only  describes  the  zonal-mean  structure,  the  analy¬ 
sis  is  extended  using  the  EPV  (Ertel's  potential  vorticitv),  which  describes  the 
three-dimensional  flow.  Selected  examples  of  different  events  (early  wintertime 
warming,  minor  warming  and  major  warming)  will  be  discussed  in  this  way. 
The  combined  diagnostic  framework  incorporating  the  TEM  Circulation  and 
the  EPV  facilitates  a  clear  description  of  the  early  winter  conditions  of  the 
atmosphere  and  the  evolution  leading  to  the  different  types  of  warming  events 
in  the  model. 


EVIDENCE  OF  THE  SECONDARY  MERIDIONAL  CIRCULATION 
ASSOCIATED  WITH  THE  QUASI-BIENNIAL  OSCILLATION 
OBSERVED  IN  THE  DISTRIBUTIONS  OF  TRACE  SPECIES 

W.  ChPi  (1),  W.  B.  Grant  (2),  H.  Lee  (1),  K.-M.  Lee  (3)  and  J.  H.  Park  (2) 

(1)  Dept.  Atmospheric  Sci.,  Seoul  Nat.  University,  (2)  NASA  Langley 
Research  Center,  (3)  Dept.  Atmospheric  Sci.,  Kyungpook  Nat.  University 
wchoi@plaza.snu.ac.kr/Fax:  +822-889-4950 

Double  peak  structures  observed  in  various  chemical  species  in  the  tropical 
lower  stratosphere  imply  sinking  motion  at  the  equator.  The  sinking 
motions  are  explained  in  connection  with  the  secondary  meridional 
circulation  associated  with  the  equatorial  quasi-biennial  oscillation.  In 
this  study,  the  meridional  divergence  points  are  located  objectively  in  the 
tropical  region  at  the  boundary  of  rising  and  sinking  motion  from  HALOE 
aerosol  and  HF.  The  locations  of  divergence  are  then  compared  with  zonal 
wind  and  calculated  meridional  divergence.  Divergence  points  are  found 
with  maximum  easterly  wind.  In  the  time-altitude  cross-sections  of 
calculated  divergence,  divergence  points  are  located  in  the  divergence 
area.  Contrary  to  the  divergence  points  the  convergence  points  are  not 
easily  located  by  the  same  objective  method.  The  location  of  those 
convergence  points  found  are  not  in  agreement  with  the  maximum  westerly. 
The  asymmetry  between  the  divergence  and  convergence  points  seems  to  be 
the  background  rising  motion  due  to  residual  circulation  in  the  tropics. 


IN-SITU  MEASUREMENTS  OF  NEUTRAL  ATMOSPHERE 
DYNAMICS  IN  THE  POLAR  MIDDLE  ATMOSPHERE 

Torkild  Eriksen.  Ulf-Peter  Hoppe,  Eivind  V.  Thrane  and  Tom  A.  Blix 
Norwegian  Defence  Research  Establishment 
toe  @ ffi.no/Fax: +47  6380  7212 

On  October  12,  1997,  a  new  rocket  payload,  RONALD,  was  launched 
from  Andoya  Rocket  Range  (69°I7’N,  16°01'E),  and  a  second  one  will  be 
launched  in  January  1998.  One  of  the  instruments  on  board,  a  Rayleigh 
lidar,  observes  the  total  neutral  density  profile  between  50  km  and  ~80  tan 
on  upleg,  and  from  ~80  tan  to  <40  km  on  downleg.  We  study  the 
dynamics  of  the  neutral  atmosphere,  waves  and  turbulence,  with  respect 
to  transport  mechanisms  and  energy  dissipation  rate.  We  also  derive 
instantaneous  temperature  profiles  from  the  density  profiles.  Ground- 
based  lidar  observations  and  falling  sphere  data  allow  comparison  of  this 
new  method  of  measuring  density  fluctuations  with  established 
techniques.  An  ion  probe  and  an  electron  probe  on  the  same  rocket 
potentially  allow  comparison  with  the  well-known  methods  using  ions  as  a 
tracer.  The  results  of  these  observations  will  be  interpreted  in  terms  of 
neutral  atmosphere  dynamics. 


LEE- WAVES  IN  THE  STRATOSPHERE 

D.  Etling,  F.  Gelhardt  and  V.  Schilling 

Institut  for  Meteorology  and  Climatology,  University  of  Hannover, 
30419  Hannover,  Germany 

etlirtgr<rinuk.uni-hannover.de/FAX:++49-511  762  4418 

The  occurrence  of  polar  stratospheric  clouds  (PSC)  under  unfa¬ 
vorable  environmental  conditions  has  raised  the  question,  whether 
large  amplitude  gravity  waves  can  lead  to  parcel  cooling  rates  suitable 
for  PSC  formation.  We  have  investigated  the  problem  under  which 
circumstances  lee  waves  can  penetrate  through  the  Tropopause  and 
cause  significant  wave  motion  in  the  lower  Stratosphere. 

The  investigations  have  been  performed  by  linear  and  nonlinear  numeri¬ 
cal  models  for  idealized  and  observed  mean  vertical  profiles  of  wind  and 
temperature  upstream  of  mountain  ridges.  Some  results  obtained  for 
the  Norwegian  mountains  will  be  compared  to  observed  lee- waves  and 
related  PSC*  formation. 
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atmospheric  trace  gas  correlations  as  measured 
BY  CRISTA 

A.  Franzen,  K.U.  Grossmann,  V.  KuU,  D.  Offer  man  n.  P.  PreuBe  and  R.  Spang 
Ph\rsik  Department  of  Wuppertal,  Gauss-Strasse  20,  42097  Wuppertal. 
arndtCuposlO.physik.uni-wuppertal.de/Fax:  [49]  202  439  2680 

The  CRISTA  Instrument  (CRyogenic  Infrared  Spectrometers  and  Telescopes 
for  the  Atmosphere)  was  flown  on  the  Space-Shuttle  missions  STS  66  in  Novem¬ 
ber  1994  and  STS  85  in  August  1997.  Global  measurements  of  trace  gases  in 
the  spectral  range  from  4  to  71  /im  with  high  spatial  resolution  during  free 
flying  periods  of  8  days  in  both  flights  were  performed,  and  about  50000  height 
profiles  were  obtained  in  each  flight.  Correlations  between  the  mixing  ratios 
of  several  stratospheric  constituents  (e.g.  NjO,  CH4.  HNC>3-  O3)  for  the  first 
flight  will  be  discussed  and  compared  with  model  calculations. 


ON  THE  VERTICAL  WAVE-ENERGY  PROPAGATION  FROM 
TROPOSPHERE  TO  STRATOSPHERE  IN  DIFFERENT  GEOGRA¬ 
PHICAL  REGIONS 


nstitut  iSmospharenphysik  an  der  University  Rostock,  Kuhlungsbom 


grieger@  iap-kbom.de/Fax:  +49-38293-6850 


The  vertical  energy  propagation  connected  withplanetary  waves  controls  up 
to  a  high  extend  tne  stratospheric  circulation.  The  paper  is  concerned  with 
the  question  of  longitudinal  and  regional  dependence  of  vertical  wave- 
energy  propagation.  _  .  .  . 

For  tne  16  winter  seasons  of  ECMWF  reanalyses  data  covering  17  pressure 
levels  the  extended  Eliassen-Palm-flux  (EEPF)  has  been  calculated  for  dif¬ 
ferent  characteristic  timescales.  The  analyses  show  that  the  most  dominant 
vertical  synoptic  wave-energy  exchange  with  stratosphrenc  heights  takes 
place  over  the  North  Atlantic  region  (NAR).  In  contrast  to  other  geographi¬ 
cal  regions  only  in  the  NAR  the  synoptic  wave-energy  is  able  to  penetrate 
up  to  stratospheric  heights.  Additional  to  the  EEPF  analyses  this  wave- 
energy  window  can  be  round  in  Principal  Oscillation  Patterns  (POP)  analy¬ 
ses.  too.  The  so  detected  coherent  wavepackets  with  oscillation  periods  bet¬ 
ween  5  and  10  days  propagate  only  over  the  NAR  up  to  the  stratosphere. 
Besides  this  regional  synoptic  features  it  has  been  detected  a  more  global 
travelling  modern  the  stratosphere  with  oscillation  period  of  about  2  weeks. 
Both  significant  different  POP  structures  may  be  interpreted  in  the  frame¬ 
work  of  a  linear  theory. 
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MIDLATITUDINAL  LOWER  IONOSPHERE  DISTURBANCES 
CXUSED  BY  NATURAL  SOURSES 

A.  M.  Gokov  (1)  and  O.  F.  Tyrnov  (1) 

(I)  Kharkiv  State  University,  Kharkiv,  Ukraine. 

Oleg . F , Tyroovfiuniver . kharkov . ua 

There  are  presented  experimental  data  on  natural  disturbances  (powerful  earth¬ 
quakes,  the  solar  terminator,  strong  thunderstorms,  solar  flares  and  magnetic 
storms)  hav  ing  effects  on  midlatitudinal  ionospheric  £>-region  parameters,  char¬ 
acteristics  of  partially  reflected  (PR)  signals  and  radio  noise  on  /  =2-4  MHz. 
There  are  investigated  parameters  of  wave  disturbances  (type,  periods,  dura¬ 
tions,  and  velocities)  arising  over  these  periods  in  the  D  region.  Our  investi¬ 
gations  were  carried  out  by  the  PR  technique  within  a  1977-1997  period  un¬ 
der  different  solar  and  geophysical  conditions;  the  observation  durations  being 
minutes-days;  -30  to  200  samples  covering  each  source  of  the  disturbances. 
The  authors  have  been  supported  by  STC’U  Grant  471. 


IONOSPHERIC  PARAMETER  VARIATIONS  IN  THE  LOWER  D 
REGION  DURING  MAGNETIC  STORM 
A.  M.  Gokov  (1)  and  O.  F.  Tyrnov  (l) 

(1)  Kharkiv  State  University,  Kharkiv.  Ukraine. 

Oleg . F . TyrnovCuniver . kharkov . ua 

Using  the  partial  reflection  technique,  it  is  found  that  the  electron  collision  fre¬ 
quency  increases  more  than  50%  in  the  lower  part  of  the  D  region  (c  <70  km) 
due  to  precipitating  energetic  particles  during  magnetic  storms  (MS).  Measure¬ 
ments  made  during  3  MS  in  a  1984-1985  period  near  Kharkiv  show  that  the 
precipitation  occurs  in  a  cource  of —10  days  after  the  MS.  On  these  events,  in¬ 
tensive  partial  reflections  are  observed  from  heights  of  55<  :  <70  km.  and  the 
electron  number  density  increases  several  times.  Calculations  of  flux  intensities 
of  precipitating  energetic  particles  and  ion-production  rates  are  presented.  The 
authors  have  been  supported  by  STCU  Grant  471. 


GLOBAL  MODEL  OF  CIRCULATION  OF  THE  MIDDLE  AND 
UPPER  ATMOSPHERE 

V.  T.  Gulyaev,  V.  V.  Plotkin,  1. 1.  Nesterova  and  L.  V.  Zhalkovskaya 
Institute  of  Geophysics  SB  RAS,  University  av.y  3,  Novosibirsk,  Russia  630090. 
plotkinCuiggm .nsc.ru 

The  numerical  three-dimensional  model  of  the  atmosphere  circulation  at  alti¬ 
tudes  from  20  to  300  km  is  suggested.  This  model  is  developed  on  a  basis  of 
the  empiric  models  of  the  structural  parameters  of  the  strato-thermosphere. 
As  the  analysis  shows,  it  is  just  such  models  which  in  the  present  time  re¬ 
produce  more  precisely  the  observed  systems  of  circulation.  However,  at  the 
middle  atmosphere  heights,  in  distinction  to  the  thermosphere,  we  have  only 
the  2onal-averaged  distribution  of  the  temperature,  pressure  and  density.  Thus, 
we  have  to  calculate  the  atmosphere  parameters  variations  conditioned  by  the 
tide  oscillations  and  quasisteady  planetary  waves.  We  achieve  this  including  the' 
solution  of  the  heat  balance  equation  into  the  numerical  model.  The  necessary' 
non-adiabatic  sources  of  the  heating  are  found  from  the  energy  equation,  in 
doing  so.  the  circulation  was  beforehand  calculation  from  the  empiric  models 
of  the  atmosphere  which  were  supplemented  at  the  stratosphere  heights  by  the 
sources  of  the  tide  oscillations  excitement.  The  variations  of  the  atmospheric 
parameters  connected  with  the  planetary  waves  propagating  from  the  tropo¬ 
sphere  were  taken  into  account  by  setting  the  geopotential  disturbances  at  the 
lower  boundary. 


GLOBAL  STRATOSPHERIC  CIRCULATION  ANALYSIS  BY 
MEANS  OF  SPECTRAL  DECOMPOSITION 

T.  Halenka  (1)  and  P.  Mich  (2) 

(1)  Dept,  of  Meteorology  and  Environment  Protection,  Fac.  of  Mathem.  and 
Physics,  Charles  University,  V'  Holesovickach,  2,  180  00  Prague  8,  Czech  Rep., 

(2)  Institute  of  Atmospheric  Physics,  Bocni  II,  141  31  Prague  4,  Czech  Rep.. 
tomas.halenkaCmff  .cuni.cz/Fax:  [+420  2]  2191  2533 

To  give  an  objective  characteristics  of  circulation  patterns  the  spectral  struc¬ 
ture  of  stratospheric  fields  (temperature  and  geopocential)  is  analyzed  in  terms 
of  the  spherical  harmonics  with  the  aim  to  compare  the  long-term  behaviour 
and  connections  to  some  extra-terrestric  influence  and  circulations  patterns. 
The  daily  meteo  data  from  Free  University  Berlin  cover  more  or  less  the  period 
1976-96  and  are  available  for  stratospheric  levels  50,  30  and  10  hPa.  The  anal¬ 
ysis  of  annual  course  of  spherical  harmonics  is  introduced  as  well  as  the  com¬ 
parison  of  the  principal  wave  components  changes  w’ith  respect  to  the  changes 
of  different  sets  of  solar,  geomagnetic  and  global  circulation  indices.  The  inter¬ 
annual  variability  with  special  emphasis  to  the  QBO  and  ENSO  is  also  studied. 
Quite  high  correlation  is  found  for  some  wave  numbers. 
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WATER  IN  THE  ATMOSPHERE  AND  MESOSPHERE 

G.  K.  Hartmann.  \V.  Degenhardt.  F.  Harogh.  C*.  Jarchou*.  M.  L.  Richards 
and  Song  Li 

Max-Planck-1 11st i tilt  fur  Aeronotnie.  Max-Planck-Str.  2.  D-37191  Katlenburg- 
Lindau.  Germany. 

ghartaaimClininpi.mpg.de/Fax:  [49]  555(5  979  240 

Water  is  the  only  substance  that  occurs  in  all  three  phases,  gaseous,  fluid 
and  solid  -  monomer  and  polymer  (cluster)  -  in  the  Earth's  atmosphere.  The 
spatial  and  temporal  distribution  of  H2O  is  not  only  very  important  for  the 
climate,  weather,  biosphere  and  atmospheric  chemistry  -  homogeneous  and 
heterogeneous  -  but  also  for  the  propagation  of  electromagnetic  waves  through 
the  atmosphere.  The  climate  of  the  Earth  has  never  been  static.  It  is  very  much 
different  now  from  what  it  was  during  cretaceous  when  dinosaurs  dominated 
tli^  life  of  Earth.  Since  climate  is  the  sum  of  all  weather  over  longer  periods 
of  time  we  must  ask  ourselves  how  much  climate,  like  weather:  is  predictabel'. 
Water  vapor  in  the  atmosphere  can  be  measured  using  microwave  techniques, 
such  as  those  used  iu  experiments  made  by  the  MPAE.  The  major  questions 
are  now: 

1.  How  much  extraterrestrial  water  exists  iu  the  atmosphere? 

2.  How  variable  is  the  total  hydrogen  budget  over  a  longer  time  period? 

Is  the  polar  mesosphere  an  early  warning  system  for  global  change? 

4.  Can  the  strength  of  El  Nino  better  estimated  using  microwave  measurements 
iu  the  equatorial  tropopa use? 


MEAN  DIURNAL  VARIATIONS  OF  PMSE  AND  WINDS  AS  MEASURED 
WITH  THE  ALOMAR-SOUSY  RADAR  DURING  THE  SUMMER  MONTHS 
FROM  1994  TO  1997 

P.Hoffmarmf  H.  W.Singer(l),  D.Keuer(I)  and  J.Bremer(l),  R.  Rilster<2) 

(1)  Institute  of  Atmospheric  Physics  at  the  Rostock  University,  Schloss-Str.6, 
D*  18225  KOhlungsbom,  Germany,  (2)  Max-Planck-Institute  of  Aeronomy,  D-37I89 
Katlenburg-Lindau,  Germany 
hoffmann@iap-kbom.de 

VHF  radar  observations  of  the  structure  and  dynamics  of  Polar  Mesospheric  Summer 
Echoes  (PMSE)  have  been  carried  out  at  Andenes  (69.3°  N,  16.0°  E)  using  the 
ALOMAR  SOUSY  radar  operated  at  53.5  MHz  for  four  summer  seasons  from  1994 
to  1997.  The  radar  measures  3D  winds  and  reflectivity  profiles  mainly  with  a  range 
resolution  of  300  m  and  a  time  resolution  of  about  30  sec.  The  total  number  of 
about  3500  hours  observation  time  allows  detailed  studies  of  the  seasonal  variations 
of  PMSE  which  are  closely  connected  to  the  cold  temperatures  at  the  mesopause 
region  at  high  latitudes  during  the  summer  months. 

Based  on  these  data  hourly  means  of  the  reflectivity  and  winds  have  been  deter¬ 
mined  in  order  to  describe  the  diurnal  variation  of  the  occurrence  of  the  PMSE 
which  is  characterized  by  a  minimum  around  19  -  21  LT  and  a  maximum  at  about 
14  LT.  This  behaviour  is  discussed  for  the  whole  data  set  and  for  partial  periods  of 
the  PMSE  season  in  relation  to  the  mean  winds  and  tides  derived  from  the  ALOMAR 
SOUSY  radar  using  the  Doppler  beam  swinging  technique. 


CLIMATOLOGY  AND  TIDAL  INTERACTIONS  OF  SHORT-PERIOD 
GRAVITY  WAVES  AT  METEOR  HEIGHTS 

V.SlC.  Howells  ( 1 ),  N. J.Mitchell  ( l )  and  H.G.MuIler  (2) 

1.  Department  of  Physics.  The  University  of  Wales,  Aberystwyth.  Ceredigion.  SY23  / 
3BZ,  UK.  2.  Cranfield  University,  RMCS  Shrivenham.  Swindon  $N6  8LA.  UK. 
E-mail:  VSH96@aber.ac.uk 

A  twin-beam  meteor  radar  located  in  the  UK  has  been  used  to  measure  horizontal 
velocities  at  meteor  heights  between  1989  and  1994.  Although  the  radar  cannot  easily 
identify  individual  gravity  waves  within  the  broad  meteor  collecting  volumes,  the 
variance  of  the  velocities  nevertheless  provides  a  statistical  measure  of  the  activity  of 
the  gravity-wave  field.  Using  this  measure  of  wave  activity,  a  seasonal  cycle  for 
gravity  waves  with  periods  <  1  hour  is  revealed  which  show's  solsticial  maxima  and 
equinoctial  minima.  There  is  considerable  year  to  year  variability.  A  time-series 
analysis  of  the  data  indicates  that  the  wave  activity  is  strongly  modulated  by  ' 
interaction  with  both  the  12  and  24  hour  tides.  The  seasonal  behaviour  of  this 
modulation  is  investigated  and  defined. 


THE  QUASI  16-DAY  WAVE  IN  THE  SUMMER  MIDLATITUDE 
MESOPAUSE  REGION  AND  ITS  DEPENDENCE  ON  THE  EQUATORIAL 
QUASI-BIENNIAL  OSCILLATION 

Ch.  Jacobi  (D.  R.  Schminder  (1)  and  D.  Kurschner  (2) 

(I)  Institute  for  Meteorology,  University  of  Leipzig,  (2)  Institute  for  Geophysics 
and  Geology,  University  of  Leipzig  • 
jacobi  @  rz.uni-letpzig.de 

From  16  years  of  daily  estimates  of  the  summer  midlatitude  mesopause  region 
zonal  prevailing  wind  measured  at  the  Collm  Observatory  of  the  University  of 
Leipzig,  Germany,  long-term  variations  in  the  period  range  of  planetary  waves 
(10-20  days)  are  detected.  Although  the  direct  propagation  of  these  waves  from  the 
troposphere  into  the  mesosphere  is  not  possible  because  of  the  wave  filtering 
through  to  the  summer  stratospheric  and  mesospheric  easterlies,  in  some  years 
oscillations  are  found  that  can  be  connected  with  planetary  waves,  supporting  the 
theory  of  the  propagation  of  these  waves  from  the  equatorial  region  to  the 
midlatitude  and  polar  upper  mesosphere  along  the  zero  wind  line.  This  wave 
activity  is  dependent  on  the  equatorial  quasi-biennial  oscillation  (QBO),  so  that  in 
general  during  the  east  phase  of  the  QBO  the  planetary  wave  activity  is  small, 
while  during  the  QBO  west  phase  it  can  be  larger.  The  influence  of  the  QBO  on 
the  planetary  wave  activity  is  modulated  by  the  1 1-year  solar  cycle,  so  that  the 
strongest  QBO  signal  is  found  during  solar  maximum. 


MEASUREMENTS  OF  SUMMER  MESOPAUSE  REGION  ZONAL  WINDS 
OVER  CENTRAL  AND  EASTERN  EUROPE 

Ch.  Jacobi  (1),  R.  Schminder,  (1),  D.  Kurschner  (2),  B.L.  Kashcheyev  (3)  and 
A.N.  Oleynikov  (3) 

(1)  Institute  for  Meteorology,  University  of  Leipzig,  (2)  Institute  for  Geophysics 
and  Geology,  University  of  Leipzig,  (3)  Kharkov  State  Technical  University  of 
Radioelectronics 

jacobi@rz.uni-leipzig.de  /  ort@khture.kharkov.ua 

Measurements  of  the  zonal  prevailing  wind  in  the  mesopause  region,  i.e.  between 
80  and  100  km  height  have  been  carried  out  during  three  campaigns  in  August 
1994,  1995  and  1996  by  the  Kharkov  State  Technical  University  of  Radioelectron¬ 
ics,  Ukraine,  with  the  aid  of  a  meteor  radar  at  50°N,  37°E.  The  results  are  com¬ 
pared  with  the  total  reflection  low-frequency  mesopause  radio  wind  measurements 
at  52°N,  15°E  that  are  carried  at  the  Collm  Observatory  of  the  University  of  Leip¬ 
zig,  Germany.  While  in  1994  and  1995  the  zonal  prevailing  winds  at  Kharkov  and 
Collm  are  similar,  in  1996  at  Collm  lower  prevailing  winds  are  measured.  The 
amplitude  of  the  semidiurnal  tide  at  Kharkov  is  larger  than  at  Collm,  while  gen¬ 
erally  the  phase  is  in  good  agreement  at  both  sites.  The  amplitude  of  the  quasi  2- 
day  wave  is  low  during  each  of  the  periods.  Only  in  1995  a  moderate  event  has 
been  identified.  From  phase  comparison  a  zonal  wavenumber  of  2.6  is  inferred. 


LABORATORY  AND  MODELING  STUDIES  OF  C02  +  O('D)  ISOTOPIC 
EXCHANGE 

J  C  Johnston.  T  Roekmann.  and  CAM  Brenninkmeijor  (Max-Planck-Institute  for 
Chemistry,  Department  of  Air  Chemistry,  Postfaeh  3060.  55020  Mainz,  Germany; 
49-6131-305-455;  e-mail:  johnston@mpch-mainz.mpg.de) 

Carbon  dioxide  in  the  middle  atmosphere  is  mass  independently  enriched  in  oxygen 
isotopes  (5,7O*0.55lNO)  relative  to  tropospheric  values,  with  the  enrichments 
typically  increasing  with  altitude.  That  is.  with  increasing  altitude,  the  l70/,60  ratio 
shows  an  additional  enhancement  over  what  is  normally  expected  on  the  basis  of 
the  ,s0/lf,0  increase.  As  tropospheric  C02  has  a  mass  dependent  isotopic 
composition  that  is  relatively  constant,  isotopic  measurements  of  atmospheric  C02. 
combined  with  a  quantitative  understanding  of  the  enrichment  mechanism,  will 
yield  valuable  information  regarding  important  atmospheric  processes.  It  is  known 
that  the  mass  independent  enrichment  in  stratospheric  C02  occurs  when  C02 
quenches  an  (VD>  formed  during  the  photolysis  of  O.*.  but  the  details  of  this 
process  remain  uncertain.  We  have  performed  a  series  of  laboratory  and  numerical 
experiments  designed  to  study  the  time  evolution  and  final  equilibrium  values  of 
the  C0;+0('D>  reaction.  Developing  a  quantitative  understanding  of  the  middle 
atmospheric  CO;  enrichment  process  is  important  because  the  mass  independent 
signature  can  provide  information  regarding  atmospheric  dynamics,  the  isotopic 
composition  of  atmospheric  Ot.  and  Of'D)  concentrations  in  the  middle 
atmosphere. 
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TRANSPORT  ACROSS  THE  SUBTROPICAL  BARRIER  AS 
OBSERVED  BY  THE  CRISTA  EXPERIMENT  AND  THE 
KASIMA/CTM 

W.  Kouker  (1).  D.  Offermann  (2),  V.  Ktill  (2),  Th.  Reddmann  (1)  and  R. 
Ruhnke  (1) 

(1)  Karlsruhe  Research  Center,  Karlsruhe,  Germany  ,  (2)  University  of  Wup¬ 
pertal,  Wuppertal.  Germany  . 

Wolfgang . kouker® imk . f zk . de ,  of f erm®vpos2 . phya ik . uni- vuppertal . de 

On  November  3,  1994  the  Cryogenic  Infrared  Spectrometers  and  Telescopes  for 
the  Atmosphere  (CRISTA)  was  launched  aboard  the  Space  Shuttle  Atlantis 
into  a  300  km.  57°  inclination  orbit  and  measured  about  50,000  height  profiles 
of  limb  radiance  spectra.  On  November  6  1994  CRISTA  analyses  of  N>0  and 
HN03  show  three  narrow  tounges  of  mixing  ratios  pointing  from  the  tropics 
poleward  and  eastward.  Idealized  transport  experiments  with  the  KArlsruhe 
Simulation  model  of  the  Middle  Atmosphere  (KASIMA)  strongly  support  the 
hypotheses  that  these  tounges  are  due  to  an  advective  transport  process  on 
a  timescale  of  several  days.  The  analyses  is  based  on  a  subjective  comparison 
as  well  as  on  objective  statistical  correllations  between  the  CRISTA  and  the 
KASIMA  analyses. 


TRANSIENT  PLANETARY  WAVES  STRUCTURE  IN  THE  MIDDLE 
ATMOSPHERE  DURING  1991-1992  :  UARS  DATA  ANALYSIS  AND 
NUMERICAL  MODEL  RUNS 

A.Krivolutsky,  B.Kiryushov,  T.Vyushkova  (Centra!  Aerologica!  Observatory, 
Dolgoprudny.  Moscow  Reg.,  Russia) 

P.Vargin  (Moscow  State  University.Russia/  Univ.  of  Koln.  Germany) 

D.Pancheva  (Geophysical  Institute.  Sofia.Bulgaria) 

Temperature  UARS  data  (ISAMS  instrument)  from  100  mb  up  to  mesospheric  levels 
jointly  with  UKMO  assimilated  data  and  lidar  temperature  data  were  used  to  study 
character  periods  and  wave  numbers  of  transient  planeta  ry  waves  in  the  middle 
atmosphere  with  special  attention  to  waves  intensity  at  higher  levels.  Due  to  rather 
poor  temperature  mesurements  by  ISAMS  instrument  (in  spite  of  its  possibility  for 
measurements  in  mesosphere)  MEM  spec  tra!  teknique  was  used.  The  results  of  data 
analysis  has  revealed  different  character  periods  of  oscillations  like  2-3.  5-7  and  9-15 
days*  which  exist  also  in  the  mesosphere  Similar  periods  were  found  also  in  D-region 
radio  wave  absorbtion.  It  is  interesting  to  pay  attention  to  the  wave  with  the  period 
near  2-3  days  which  has  zonal  wave  number  m=3.  Spectral  density  of  temperature  for 
m=  1.2,3  from  100  to  0.0 1  mb  was  calculated.  The  transient  planetary  waves  existance 
at  high  levels  of  the  middle  atmosphere  permits  to  suppouse  of  its  penetration  from 
troposphere.  Numerical  model  runs  support  this  idea.  The  waves  which  were  obtained 
as  a  result  of  data  analysis  are  in  a  good  correspondence  with  "resonant”  or  normal 
waves  which  were  genarated  in  model. 


THE  “16-DAY*’  EASTWARD-TRAVELLING  WAVENUMBER  2 
IN  THE  STRATOSPHERE:  A  COMPARISON  BETWEEN  THE 
HEMISPHERES 

K.  Kruger  (1),  U.  Langematz  (1)  and  S.  Pawson  (2) 

(1)  Institut  fur  Meteorologie.  Freie  Universitat  Berlin,  12165  Berlin.  Germany. 

(2)  Universities  Space  Research  Association,  NASA  GSFC,  Greenbelt.  MD 
20771,  USA. 

kruegerCstratOl .met .fu-ber lin.de 

A  wave  calender  of  the  Northern  Hemisphere  (NH)  stratosphere  has  revealed  an 
interesting  feature:  a  "‘quasi- 16-day”  eastward  travelling  planetary  wavenum¬ 
ber  2.  which  occurs  during  Winter  at  high  latitudes.  This  wave  is  a  well-known, 
regularly  occurring  phenomenon  in  the  Southern  Hemisphere  (SH).  where  its 
interaction  with  the  quasi -stationary  forced  wavenumber  l  is  related  to  aquasi- 
periodic  amplifications  of  that  wave;  this  can  lead  to  minor  midwinter  warm¬ 
ings.  as  occurred  in  August-September  1938.  This  warming  mechanism  is  quite 
different  from  that  of  major  warming  events  in  the  NH. 

In  this  study,  clear  evidence  of  an  eastward  travelling  wavenumber  2  event  in 
the  1982/83  NH  Winter  is  presented.  It  is  related  to  several  minor  warmings. 
This  case  study  will  show  that  the  1982/83  NH  and  1988  SH  minor  warmings 
have  develop  similarly.  Nevertheless,  the  wavenumber  1/wavenumber  2  inter¬ 
actions  in  the  two  cases  are  different. ' 


SIMULATIONS  OF  MIDDLE  ATMOSPHERE  WINDS  AND  COMPARISON 
WITH  LONG-TERM  MESOPAUSE  WIND  MEASUREMENTS  AT  COLLM 
OBSERVATORY  (52®  N  15°  E) 

Lange.  MTU,  Schminder,  R.(l),  Jacobi,  Ch..(l),  Baier,  F.(2),  Ganther,  G.(2) 

( 1 )  Institute  for  Meteorologie,  University  of  Leipzig 

(2)  Institute  for  Geophysik  und  Meteorologie,  University  of  Cologne 
mlange@rz.uni-!eipzig.de 

Simulations  of  wind  field  dynamics  in  the  upper  mesosphere  and  lower 
thermosphere  (MLT)  region  are  performed  with  the  COlogne  Model  of  the  Middle 
Atmosphere  (COMMA)  at  the  Leipzig  Institute  for  Meteorologie  (LIM). 

Numerical  simulations  in  a  nonlinear  model  are  able  to  give  an  insight  into  energy 
transfer  and  coupling  processes  in  the  MLT  region.  Well  analyzed  wind 
measurements  with  high  reliability  of  the  dynamical  parameters  are  necessary  for  an 
accurate  interpretation  of  model  results  and  to  bring  effects  of  tides  and  planetary 
waves  into  focus,  that  are  of  actual  interest.  In  this  connection  the  results  from  the 
Comma  model  of  the  middle  atmosphere  are  compared  with  the  long-term 
midlatitude  wind  measurements  from  the  Collm  observatory. 


STRATOSPHERIC  SUDDEN  WARMINGS  IN  THE  BERLIN  TSM 
GCM,  PART  I:  SENSITIVITY  TO  RADIATIVE  HEATING  RATES 
AND  RESOLUTION 
U.  Langematz  and  P.  Erlebach 

Institut  fur  Meteorologie,  Freie  Universitat  Berlin,  12165  Berlin.  Germany. 
langCstrat01.met.fu-berlin.de/Fax:  [+49]  30  838  711  28 

Erlebach  et  al.  (1996)  reported  on  the  successful  simulation  of  sudden 
stratospheric  warmings  in  a  28-year  integration  of  the  Berlin  troposphere- 
stratosphere-mesosphere  general  circulation  model  (GCM).  The  model  was  able 
to  capture  many  of  the  observed  characteristics  of  the  warmings,  e.g.  major  and 
minor  events,  their  frequency  and  coupling  to  the  troposphere.  Some  details  of 
the  evolution  of  the  warmings  however  could  not  be  reproduced  properly  by 
the  model:  e.g.  the  erosion  of  the  polar  vortex  during  major  warming  events 
and  the  restoration  of  the  wintertime  circulation.  It  was  argued  that  the  low 
horizontal  resolution  or  a  too  weak  radiative  forcing  might  be  responsible  for 
that.  Here,  the  discussion  of  these  questions  is  continued  using  the  results  from 
a  10-year  integration  of  a  new  model  version.  Major  differences  include  an 
improvement  of  the  IR-radiation  parametrization  in  the  stratosphere  and  of 
the  ozone  climatology.  Different  types  of  sudden  stratospheric  warmings  devel¬ 
oped  during  the  10  northern  hemisphere  model  winters,  enabling  a  systematic 
analysis  of  the  new  model  results  with  respect  to  deficiencies  identified  in  the 
previous  model  version.  The  influence  of  the  radiation  and  the  model  resolution 
on  the  simulated  climatology  and  interannual  variability  will  be  discussed  in 
some  detail. 


FIRST  IN  SITU  TEMPERATURE  MEASUREMENTS 
IN  THE  SUMMER  MESOSPHERE  AT  ANTARCTIC 
LATITUDES 

F.-.J.  LubkenfU.  M.  J.  Jarvis  (2),  G.  O.  L.  Jones  (2) 

(1)  Physics  Institute,  Bonn  University,  Bonn,  Germany. 

(2)  British  Antarctic  Survey,  Cambridge,  United  Kingdom. 
Utebken@physik.uiii-bonn.de  Phone:+49-228-732648 

In  the  austral  summer  1997/98  a  series  of  meteorological  rockets  will 
be  launched  from  the  British  Antarctic  Station  Rothera  (68°S,68°W), 
The  falling  sphere  technique  will  be  used  to  determine  mass  density 
profiles  from  approximately  95  km  to  30  km.  Temperature  profiles 
are  deduced  from  these  densities  assuming  hydrostatic  equilibrium. 
Some  preliminary  results  will  be  shown  which  represent  the  first  in 
situ  measurements  in  the  upper  atmosphere  at  southern  latitudes. 
In  order  to  study  a  potential  north/south  asymmetry  of  the  thermal 
structure  of  the  high  latitude  summer  mesosphere  our  results  will 
be  compared  with  falling  sphere  measurements  performed  from  the 
Andoya  Rocket  Range  (69°N,16°E)  during  the  summer  of  1997. 
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STRATOSPHERIC  LOW  FREQUENCY  VARIABILITY  IN  MID 
AND  HIGH  LATITUDES:  “TRIPLE  PEAK  SPECTRA”  OR  “BI¬ 
ENNIAL  OSCILLATION”? 

C.  Marquardt 

Institut  fQr  Meteorologie,  Freie  Universitat  Berlin,  Germany. 

In  a  series  of  papers,  Tung  and  Yang  (1994a,b)  and  Yang  and  Tung  (1994, 
1995)  proposed  that  the  QBO  related  interannual  variability  of  total  ozone  in 
mid  and  high  latitudes  is  characterized  by  a  utriple  peak"  spectrum  with  peak 
amplitudes  at  periods  of  8.5,  20  and  30  months.  According  to  the  authors,  this 
spectral  signature  is  the  dynamical  fingerprint  of  the  tropical  Quasi-Biennial 
Oscillation  in  mid  and  high  latitudes. 

However,  Salby  (1997)  and  Baldwin  and  Dunkerton  (1997)  demonstrated  that 
the  low  frequency  variability  in  certain  dynamical  stratospheric  quantities  at 
high  latitudes  is  dominated  by  variations  with  periods  of  24  months.  The  origin 
of  this  “Biennial  Oscillation"  is  left  unexplained. 

By  performing  an  EOF  analysis  on  monthly  mean  fields  of  the  circulation  in 
the  northern  hemisphere  stratosphere,  spectral  features  of  the  low  frequency 
variability  in  mid  and  high  latitudes  are  examined.  It  is  shown  that,  depending 
on  the  time  period  and  pressure  level  in  question,  both  triple  peak  spectra  and 
purely  biennial  modes  can  be  found.  Extending  the  original  argument  of  Tung 
and  Yang  by  taking  the  “Ten-to-Twelve-Year  Oscillation"  (Labitzke,  1987. 
Labitzke  and  van  Loon,  1983)  into  account,  it  is  discussed  how  the  observed 
spectral  properties  of  stratospheric  low  frequency  variability  can  be  understood. 


VARIANCES  AND  SPECTRA  OF  GRAVITY-WAVE  VERTICAL 
VELOCITIES  AT  MESOPAUSE  HEIGHTS 

N.J.Mitchell  and  V.St.C.Howells 

Department  of  Physics,  The  University  of  Wales,  Aberystwyth,  Ceredigion.  SY23 
3BZ,  UK.,  E-mail:  Nick.Mitchelkgaber.ac.uk. 

The  EISCAT  VHF  radar  has  been  used  to  record  vertical  winds  at  mesopause  heights 
on  31  days  between  June  1990  and  January  1993.  The  data  reveal  a  motion  field 
dominated  by  quasi-rnonochromatic  gravity  waves  with  periods  -  30-40  minutes, 
amplitudes  of  up  to  -  2.5  ms- 1  and  large  vertical  wavelength.  In  some  instances  waves 
appear  to  be  ducted.  Vertical  profiles  of  the  vertical-velocity  variance  display  a  variety 
of  forms  and  profiles  evaluated  for  consecutive  days  often  show  a  persistent  general 
shape.  The  mean  variance  suggests  a  semi-annual  seasonal  cycle  with  equinoctial 
minima  and  solsticia!  maxima.  The  mean  vertical-wavenumber  spectrum  evaluated  at 
heights  up  to  86  km  has  a  slope  (spectral  index)  consistent  with  observations  at  lower 
heights  but  disagreeing  with  the  predictions  of  a  number  of  saturation  theories 
advanced  to  explain  gravity-wave  spectra.  The  spectral  slopes  are  steeper  (more 
negative)  in  summer  than  in  winter  and  appear  to  be  generally  steeper  on  days  with 
lower  mean  vertical-velocity  variance. 


SECULAR  VARIATION  OF  THE  11-YEAR  CYCLE  OF  THE 
TEMPERATURE.  PRESSURE,  AND  PRECIPITATION  IN  THE 
USA  FOR  PERIOD  1700-1988  ASSOCIATED  WITH  THE 
CHANGES  OF  THE  SOLAR  ACTIVITY 

A.  L.  Morozova  and  M.  I.  Pudovkin 

Institute  of  Physics.  St.  Petersburg  State  University,  St.  Petersburg.  Russia 
198904. 

Analysis  of  variation  of  the  temperature,  precipitation  and  pressure  in  USA 
from  1700  to  the  present  allows  us  to  assume  the  existence  of  a  noticeable 
variation  of  these  parametres  in  the  North  American  region  in  the  course  of 
the  11-year  solar  activity  cycle.  The  most  interesting  results  are  the  spatial  and 
temporal  changes  of  the  character  of  the  cyclic  variation  of  the  temperature, 
pressure,  and  precipitation  for  all  seasons.  The  physical  mechanism  responsible 
for  this  change  seems  to  be  related  with  the  variations  of  the  distribution  of 
the  atmospheric  pressure  and.  as  consequence,  of  the  circulation  in  the  course 
of  secular  cycle  of  the  solar  activity. 


MODELING  OF  THE  TIME  VARIATION  OF  THE  ATMO¬ 
SPHERIC  TEMPERATURE,  PRESSURE,  AND  CIRCULATION 
ASSOCIATED  WITH  THE  SOLAR  PROTON  EVENTS 

A.  L.  Morozova  and  M.  I.  Pudovkin  (Institute  of  Physics,  St.  Petersburg 
State  University,  St.  Petersburg,  Russia  198904) 

The  time  variation  of  the  air  temperature,  pressure,  and  circulation  in  the  mid¬ 
dle  and  high  latitute  troposphere  and  low  stratosphere  associated  with  intense 
burst  of  solar  cosmic  ray  flux  is  modelled.  The  model  is  based  on  supposition 
that  enhances  flux  of  energetic  particles  causes  the  apperance  in  the  high  lati¬ 
tude  stratosphere  of  an  optically  active  layer.  This  layer  is  supposed  to  reflect 
about  to  10%  of  the  incident  short-wave  solar  radiation.  The  variation  of  the 
radiative  balance  may  produce  a  changes  of  the  temperature  height  profile  in 
the  high  latitude  atmosphere,  meridional  pressure  profile,  which  in  turn  might 
cause  the  change  of  the  zonal  circulation.  The  model  data  are  shown  to  be  in 
a  good  agreament  with  experimental  ones. 


TROPICAL  WAVES  IN  THE  BERLIN  TSM  GCM:  AN  INTER¬ 
COMPARISON  BETWEEN  TWO  DIFFERENT  VERTICAL  RES¬ 
OLUTIONS 

K.  M.  Muller  (1),  P.  Braesicke  (1),  U.  Langematz  (1),  S.  Pawson  (2)  and  \V. 
Zhong  (3) 

(1)  Institut  fur  Meteorologie,  FU  Berlin,  12165  Berlin,  Germany,  (2)  USRA  Vis¬ 
iting  Fellow,  NASA  GSFC,  Code  916,  Greenbelt  MD  20771,  USA,  (3)  Space  &: 
Atmospheric  Physics,  Dept,  of  Physics,  Imperial  College,  London,  SW  7  2BZ. 
UK. 

muellerCstratOl  .net  .fu-berlin.de/Fax:  [+49]  30  838  711  28 

Most  middle  atmosphere  (MA)  GCMs  are  not  able  to  capture  the  time  depen¬ 
dency  of  the  zonal  mean  flow  near  the  equator  adequately.  Recent  studies  imply 
that  higher  vertical  resolutions  of  the  models  lead  to  a  better  representation 
of  tropical  dynamics,  due  to  the  fact  that  smaller  vertical  wavelengths  can  be 
resolved.  To  study  the  impact  of  the  vertical  resolution  on  the  tropics,  a  new 
version  of  the  Berlin  TSM  GCM  was  used:  The  radiation  code  was  replaced  by 
a  state-of-the-art  scheme  based  on  the  Morcrette  parameterisation  which  was 
developed  by  Zhong.  The  model  can  be  run  with  two  different  vertical  resolu¬ 
tions.  The  34-level  version  has  a  vertical  spacing  of  3.5  km  in  the  M A  while  the 
70-level  version  reduces  the  spacing  in  the  MA  to  approximately  1  km.' 

The  tropical  wave  spectra  simulated  by  the  two  versions  are  compared.  The 
changes  in  the  mean  flow  evolving  at  the  equator  will  be  analysed.  The  rela¬ 
tionship  between  the  wave  spectrum  and  the  mean  flow  will  be  discussed. 


A  METEOROLOGICAL  REVIEW  OF  THE  STRATOSPHERIC 
WINTER  1997/98 

B.  Naujokat  (1),  R.  Lenschow  (1)  and  S.  Pawson  (2) 

(1)  Institut  fur  Meteorologie  der  Freien  Universitat,  12165  Berlin,  Germany, 

(2)  Universities  Space  Research  Association,  NASA  GSFC.  Greenbelt,  MD 
20771,  USA. 

naujokat0strat01.met.fu-berIin.de/Fax:  [49]  30  793  17  85 

The  stratosphere  displays  a  wide  range  of  interannual  variability  of  the  evolu¬ 
tion  of  the  polar  vortex  and  the  associated  temperatures  in  winter  and  spring. 
The  development  of  the  stratospheric  circulation  at  polar  and  middle  latitudes 
during  the  northern  hemispheric  winter  1997/98  is  shown  by  several  relevant 
parameters  such  as  the  temperature,  the  geostrophic  wind,  the  geopotential 
vorticity,  and  the  planetary  wave  activity. 

The  temperature  history  of  the  winter  1997/93  will  be  compared  to  the  long 
record  of  data  from  the  Stratospheric  Research  Group  Berlin  to  evaluate  the 
possibility  of  a  continuing  cooling  trend. 
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PLANETARY  SCALE  WAVES  OBSERVED  IN  THE  LOWER 
IONOSPHERE  DURING  CRISTA  I  CAMPAIGN 

D.  Pancheva  (1)  and  J.  LaStoviCka  (2) 

(1)  Geophysical  Institute,  Sofia,  (2)  Inst.  Atmosph.  Physics,  Prague 
jla@ufa.  cas.cz/Fax:  +420-2-71762528 

By  means  of  the  MEM  spectrum  analysis  of  absorption  measurements 
over  Europe  and  fmin  data  in  Europe  and  Asia,  the  main  planetary 
wave  type  fluctuations  (T  =  3-25  days)  in  the  upper  middle 
atmosphere  CRISTA  I  campaign  (October-November  1994)  are 
studied.  Three  dominant  period  bands  are  found:  3-5,  6-8  and  15-23 
(mainly  16-18)  days.  Similar  fluctuations  are  observed  in  the 
prevailing  neutral  wind  near  95  km  over  central  Europe.  A  very  well 
developed  -10-day  fluctuations  are  found  only  in  fmin  and  zonal 
prevailing  wind  at  Irkutsk.  For  4-day  fluctuations,  the  westward 
propagation  is  found  with  wavenumber  K  -  4,  while  for  7-8  and  16- 
1 8  days  ones,  the  eastward  propagation  with  wavenumber  K  =  3  and 
K  =  1,  respectively.  This  surprising  result  could  not  be  checked  by 
wind  data  due  to  their  scarcity.  The  strength  of  planetary  wave 
activity  at  middle  latitudes  seems  to  be  fairly  consistent  with  the 
undisturbed  (climatological)  state  of  the  atmosphere  at  80-100  km. 


AN  EXAMINATION  OF  VERY  COLD  PERIODS  IN  THE  LOWER 
AND  MIDDLE  STRATOSPHERE  OF  THE  NORTHERN  HEMI¬ 
SPHERIC  WINTER 

A.  Piel.  B.  Xaujokat  and  P.  Braesicke 
Institut  fur  Meteorologie,  Freie  Universitat  Berlin.  Germany. 
pielCstrat01.met.fu-berlin.de/Fax:  [49]  30  7931785 
For  different  reasons  a  climatology  of  very  cold  periods  in  the  lower  strato¬ 
sphere  during  winter  is  needed:  An  examination  of  low  temperatures  in  the 
northern  hemisphere  is  a  good  indicator  for  climate  change  and  changes  in  the 
atmospheric  circulation.  Some  studies  also  suggest,  that  the  occurrence  of  low 
temperatures  is  connected  to  the  ozone  depletion. 

Two  main  data  sets  are  used  for  the  investigation:  daily  maps  of  geopotential 
height  and  temperature  fields  at  three  stratospheric  levels  (50.  30  and  10  hPa) 
which  have  been  analysed  at  the  Freie  Universitat  Berlin  since  1963  and  several 
data  sets  of  radiosondes.  Using  the  analyses  we  carried  out  the  duration  and 
time  of  occurrence  of  very  cold  periods  at  the  levels  for  every  winter  season 
and  we  found  our  the  locations  of  the  centres  of  the  cold  areas  during  these 
periods.  Moreover  we  examined  the  existence  of  typical  circulation  patterns 
when  cold  periods  occurred.  The  temperature  Helds  are  also  correlated  with 
the  NAO  index.  Using  different  reports  of  radiosonde  ascents  we  investigated 
the  behaviour  of  extremely  low  temperatures. 


r  i 
S 


THE  SOUTHERN  HEMISPHERE  WINTER  OF  1997 

S.  Pawson  (I),  L.  Coy  (2).  A.  Douglass  (3)  and  R.  Rood  (3) 

(1)  Universities  Space  Research  Association,  NASA  GVSP.  Greenbelt,  MD, 
USA,  (2}  General  Sciences  Corporation,  Laurel,  MD,  USA,  (3)  NASA  Goddard 
Space  Flight  Center,  Greenbelt,  USA. 
pawsonCpolska . gsf c . nasa.gov 

The  meteorology  of  the  1997  Winter  in  the  Southern  Hemisphere  is  being  inves¬ 
tigated  in  some  detail  using  the  GEOS-1  data  assimilation  system  developed  at 
NASA  GSFC.  In  this  study,  particular  attention  will  be  devoted  to  the  break¬ 
down  of  the  polar  vortex  in  the  early  part  of  November.  A  range  of  diagnostics 
will  be  used  to  show  the  roles  of  eddy  forcing  from  the  troposphere  and  the 
radiative  effects  due  to  the  increasing  solar  insolation  in  the  polar  region.  The 
mixing  of  air  parcels  from  the  polar  vortex  over  the  southern  hemisphere  will 
be  discussed.  Short  forecasts  using  the  numerical  model  will  be  used  to  exam¬ 
ine  the  predictability  of  the  vortex  breakdown,  thereby  isolating  features  which 
are  critical  to  the  evolution  of  the  stratospheric  flow.  Comparisons  with  other 
analyses  and  with  total  ozone  fields  will  be  made. 


EMERGING  NEW  ATMOSPHERIC  CHEMISTRY  OF  NITROUS  OXIDE  AND 
ITS  IMPLICATIONS 

Sheo  S.  Prasad*  and  E.  C.  Zipf2 

’Creative  Research  Enterprises,  P.O.  Box  174,  Pleasanton,  CA  94566,  USA 
e-mail:  ssp@CreativeResearch.org 

department  of  Physics,  University  of  Pittsburgh,  Pittsburgh,  PA  15260,  USA, 
e-mail:  edzipf@vms.cis.pitt.edu 

Theoretical  considerations  (Prasad,  JGR,  99,  5295,  1994  &  102,  21,527, 
1997)  predict  and  laboratory  experiments  {Zipf  &  Prasad,  EOS,  Trans.  Am. 
Geophys.  Union,  Suppl.,  78,  S82, 1996  and  a  paper  in  preparation)  confirm 
substantia!  production  of  N20  in  both  the  troposphere  and  the  stratosphere 
from  excited  nascent  03  and/or  “embryonic"  03.  This  production  may  easily 
exceed  30%  of  the  “classical"  sinks.  The  observed  stratospheric  N20  mixing 
ratios  will  not  be  perturbed  by  the  new  source  because  of:  (1 )  the  inevitable 
loss  reactions  N20  +  02(b)  -  N2  +03  and  the  N20*02  +  hv  -  N2  +  03  implied 
by  our  observed  new  N20  formation  mechanism,  and  (2)  the  observed 
enhancement  in  the  photolysis  of  N20  resulting  from  the  N2..O..N2  complex 
formation  (to  be  pub!ished).These  new  sources  and  sinks  of  N20  have  many 
important  implications.  If  we  accept  the  current  WMO  position  of  nearly 
balanced  N20  sources-  sinks  budget,  then  the  new  tropospheric  source 
implies  the  existence  of  hitherto  unrecognized  biogenic  sinks.  The  emerging 
new  N20  chemistry  also,  implies  caution  in  the  use  of  N20  as  a  tracer  of 
dynamical  motions.  These  and  other  important  implications  will  be  discussed. 


INITIAL  CONDITIONS  AND  SPIN-UP  :  COMPARING  STRATE¬ 
GIES  FOR  USE  IN  CTMS 
V.-H.  Peuch,  F.  Lefevre  and  P.  Simon 

Meteo-France,  CNRM,  42  avenue  G.  Coriolis,  F-3 1057  Toulouse  Cedex,  France. 
Vincent-Henri.PauchCmeteo.fr/Fax:  [+33]  5.61.07.96.10 

The  study  of  the  impact  of  initial  or  sustained  imbalances  in  three-dimensional 
chemical  transport  models  has  yet  received  little  attention.  For  most  simula¬ 
tions,  assumption  is  made  that  the  initial  perturbed  trace  constituents  fields 
equilibrate  during  the  first  weeks,  which  are  then  discarded.  In  addition,  two- 
dimensional  reduced  models  are  often  used  to  generate  pre-equilibrated  fields 
at  a  relatively  low  computational  cost  -still,  the  derivation  of  three-dimensional 
fields  from  these  estimates  necessarily  induces  some  perturbation.  The  increase 
in  the  realism  of  CTMs,  with  the  explicit  consideration  of  surface  emissions  or 
alternatively  of  prescribed  troposphere-stratosphere  exchanges,  brings  a  new 
incentive  to  consider  strategies  to  determine  the  extent  of  the  coupled  non¬ 
linear  effects  of  dynamics  and  chemistry,  and  prospectively  to  reduce  them. 
We  have  set  up  an  experiment  intending  to  compare  several  techniques  of  ini¬ 
tialization  starting  from  two-dimensional  fields  (zonal  average,  total  column) 
or  from  a  collection  of  sonde  profiles.  We  use  the  RE  PROBUS  CTM  of  the 
stratosphere,  with  three-dimensional  equilibrated  fields  to  generate  the  inputs, 
in  order  to  isolate  the  effects  of  the  concurrent  initialization  procedures.  We 
analyse  the  various  time-scales  involved  and  discuss  on  the  limitations  imposed 
by  the  present  scarcity  of  the  chemical  measurements  of  the  middle  atmosphere. 


ANALYSE  OF  THE  WAVES  DURING  FRONTS  PASSAGES 

A.  Rechou.  V.  Barabash,  P.  Chilson.  S.  Kirkwood.  $.  Savitskaya  and  K.  Stebel 
(  Institutet  for  Rymdfvsik.  Box  812.  S-981  28  Kiruna.Sweden) 

Two  lee  wave  experiments  were  realised  in  winter  1996-1997  and  1997-1998  in 

North  Scandinavia.  Lidars,  Radars  and  ALIS  system  cameras  were  located  on 
the  two  sides  of  Scandinavia  mountains.  We  analyse  here  the  data  from  ESRAD 
MST  radar  located  at  ESRANGE  [68.  *N,  21.  °E]  in  the  lee  of  Scandinavia 
mountains.  This  radar  operates  at  52  MHz.  it  has  72k\V  peak  power  (12 
modules  of  6  k\V  each)  and  a  square  antenna  array  consisting  of  140-5  element 
vagis.  The  yagts  cau  be  grouped  in  different  ways  and  the  signal  channelled 
to  6  different  receivers. Winds,  velocity  perturbations  associated  with  waves, 
and  characteristics  of  turbulence  from  l  km  up  to  10-15km  altitude  can  be 
studied  with  a  resolution  of  300  m.  The  analysis  of  the  first  experiment  shows 
that  the  waves  are  often  generated  during  frontal  passages  which  are  frequent 
in  this  area  during  winter.  We  will  try  this  year,  by  a  c^mparaison  of  the 
data  during  two  years  to  analyse  the  evolution  of  the  frontal  passages  and  the 
corresponding  winds.  Because,  the  waves  are  directly  correlated  to  the  wind 
(intensity  and  direction),  we  wilt  try  to  understand  better  the  formation  of  the 
waves  and  their  evolution.  In  addition,  we  will  try  to  see  if  we  can  anticipate 
the  formation  of  the  PSCs  with  the  forecast  data  from  the  bulletin  weather 
maps  and  the  ECMWF  data. 
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Temporal  evolution  of  stratospheric  chlorine  monoxide  over 
alpine  stations 

Ph.  Ricaudfl).  J.  de  La  Noe  (1),  J.  W.  Waters  (2),  L.  Froidevaux  (2) 
and  M.  Chipperfield  (3) 

(1)  Bordeaux  Observatory,  Floirac,  France 

(2)  JPL,  Pasadena,  Cal.f  USA 

(3)  University  of  Cambridge,  Cambridge,  UK 
ricaud@observ.u-bordeaux.fr/Fax:+33-5-57-77-6I-55 

The  present  analysis  deals  with  the  chlorine  monoxide  Fields  as 
measured  by  a  ground-based  microwave  radiometer  located  at  the 
Plateau  de  Bure  (45°N,  France),  as  measured  by  the  Microwave  Limb 
Sounder  (MLS)  instrument  aboard  the  Upper  Atmosphere  Research 
Satellite  (UARS)  over  the  station  and  as  modelled  by  the  three- 
dimensional  SLIMCAT  model  over  the  station.  Temporal  coverage 
ranges  from  from  fall  1991  up  to  summer  1997  over  a  vertical  extent 
from  -50  hPa  to  -1  hPa.  Since  there  are  very  few  chlorine  activation 
events  in  the  lower  stratosphere  over  Bure,  the  analysis  will  mainly 
focus  on  mid-stratospheric  CIO  behaviour  over  a  short-term  period 
(diurnal  variation)  and  over  a  mid-term  period  (seasonal  variation)  in 
order  to  assess  any  positive  trend  in  the  stratospheric  chlorine  loading 
over  the  5-year  period. 


ON  THE  EXCITATION  OF  EQUATORIAL  WAVES  BY  DEEP 
CONVECTION  IN  THE  NCAR  COMMUNITY  CLIMATE 
MODEL 

L.  Ricciardulli  (1,2)  and  R.R.  Garcia  (1) 

(1)  National  Center  for  Atmospheric  Research,  Boulder,  CO,  USA 

(2)  Dipartimento  di  Fisica,  University  di  L’Aquila  ,  Italy. 
lucrezia§  acd.ucar.edu 

The  vertical  propagation  of  equatorial  waves  forced  in  the  troposphere  plays 
an  important  role  in  the  dynamics  of  the  middle  atmosphere.  In  order  to 
study  the  excitation  of  equatorial  waves  in  the  NCAR  Community  Climate 
Model  (COM3),  the  heating  field  due  to  deep  convection  is  analyzed.  Pro¬ 
jection  of  the  model  heating  field  onto  Hough  modes  gives  information  about 
equatorial  waves  (Rossbv,  Kelvin  and  gravity  modes)  excited  over  the  range 
of  zonal  wavenumbers  1-64  and  frequencies  0-4  cpd.  The  Hough  spectrum  of 
the  geopotential  contains  all  the  information  necessary  to  evaluate  the  upward 
component  of  EP  flux  due  to  waves  excited  by  deep  convection  in  the  COM3. 
The  results  of  this  analysis  are  compared  to  spectra  obtained  from  a  similar 
analysis  of  the  brightness  temperature  of  deep  convective  clouds  (a  proxy  for 
convective  heating  fluctuations  in  the  atmosphere).  The  comparison  indicates 
that  excitation  of  high  frequency  waves  is  underestimated  in  the  COM3  com¬ 
pared  to  the  observations. 


A  COMPREHENSIVE  THREE-DIMENSIONAL  ASSIMILATION 
SYSTEM  FOR  OZONE  AND  OTHER  TRACE  CONSTITUENTS 

L.  P.  Riishojgaard  (1)  and  I.  Stajner  (2) 

(1)  Joint  Center  of  Earth  Systems  Technology,  Baltimore,  MD,  (2)  General 
Sciences  Corporation,  Laurel,  MD. 

A  three-dimensional  ozone  assimilation  system  has  been  developed  at  the  Data 
Assimilation  Office  at  NASA's  Goddard  Space  Flight  Center.  The  system  is 
driven  by  analysis  winds,  and  it  uses  total  ozone  observations  from  TOMS  and 
middle/upper  stratospheric  ozone  profiles  from  SBITY2  for  generating  global 
three-dimensional  ozone  fields  at  6-hourly  intervals  in  near-real  time.  The  pri¬ 
mary  user-group  are  satellite  instrument  teams  who  need  reliable  background 
estimates  of  ozone  profiles  for  their  retrieval  algorithms.  However,  access  to 
dynamically  consistent  ozone  fields  is  expected  to  be  useful  also  for  the  in¬ 
vestigation  of  a  number  of  middle  atmosphere  research  topics,  such  as  strato¬ 
spheric/tropospheric  exchange,  atmospheric  chemistry,  and  climate  impact  of 
changes  in  the  ozone  layer.  The  system  is  being  expanded  to  accommodate  other 
minor  atmospheric  constituents  along  with  ozone.  We  will  give  an  overview  of 
the  system  and  we  will  show  results  from  the  validation  of  the  three-dimensional 
structure  of  the  assimilated  ozone  fields. 


RADAR  MEASUREMENTS  OF  FINE  STRUCTURES 
OBSERVED  IN  THE  LOWER  ATMOSPHERE 

R.  Rifatcr  ( l).  G.l).  Nnstrom  (2)  ami  G.  Schmidt  (l) 

( 1 )  Max-I’lnnck-Inslitut  fiir  Aeronomie,  D-37191  Knflenburg-Lindau.  Germany, 

(2)  Si.  C’lnml  State  University,  Department  of  Earth  Sciences,  St.  Cloud,  MN 

USA. 

rruestefllinmpi.mpg.de/Fax:  [49]  5556  979  240 

Measure  men  Is  using  the  SOUSY  VHF  Radar  in  the  Harz  mountains  in  Ger¬ 
many  have  hern  rnrried  out  in  the  summer  of  1996.  For  studying  the  structure 
and  dynamics  with  high  temporal  and  spatial  resolution,  the  beam  was  point¬ 
ing  rcmliimiisly  in  the  vertical  direction  and  the  range  resolution  used  was  75 
m.  Fine  structures  in  the  echo  intensity  are  observed  during  a  frontal  passage 
mid  are  related  to  humidity  fluctuations.  Integrating  the  high  resolution  ve¬ 
locity  data  with  time  allows  us  to  estimate  vertical  displacements  that  can  be 
used  indicate  vertical  transport.  The  velocities  are  analysed  harmonically 
and  interpreted  as  waves  with  periods  of  about  6  h  and  amplitudes  of  a  few 
cm/s.  Observations  during  a  thunderstorm  reveal  strong  convective  cells  with 
lifetimes  of  about  111  to  20  minutes,  associated  up  ami  down  drafts  and  a  series 
of  persistant  stable  layers  in  the  troposphere  ahead  of  the  thunderstorm. 


THE  PECULIARITIES  OF  THE  LOWEST 
OSCILLATION’S  MODE  IN  THE  ATMOSPHERE  WITH 
REALISTIC  TEMPERATURE  DISTRIBUTION 

O.X.  Savina 

State  Technical  University.  603600  Nizhny  Novgorod.  Russia 
savina  9.  appl.sci-miov.ru /Fax:  +7*83 12-36206 1 

A  model  analysts  of  the  properties  of  the  lowest  oscillation's  inode 
is  considered.  Any  vertical  profile  of  the  atmospheric  temperature 
can  be  well  approximated  as  a  ratio  of  two  polynomials  of  the  same 
power.  For  considered  altitude  temperature  profile,  an  exact  solu¬ 
tion  determined  the  properties  of  the  lowest  mode  of  oscillations 
in  the  lion-isothermal  atmosphere  is  found.  The  frequency  of  the 
lowest  mode  is  also  determined.  The  influences  of  the  nonlinear 
waves  absorption  at  this  frequency  is  investigated  so  far  as  the  os¬ 
cillation  s  amplitude  has  the  fast  altitude  growth.  Different  upper 
boundary  conditions  are  considered. 


RESPONSE  OF  THE  STRATOSPHERE  TO  INTER  ANNUAL 
VARIABILITY  IN  THE  TROPOSPHERE 

A.  A,  Scalfe  (1),  IN.  James  (2),  R.  Swinbank  (1) 

(1)  The  Meteorological  Office,  London  Rd,  Bracknell,  Berkshire,  U.K. 

(2)  Dept,  of  Meteorology,  Reading  University,  Reading,  RG6  6BB,  U.K. 

Tropospheric  variability  such  as  the  Southern  Oscillation  provides 
interannual  variability  in  quasi-steady  planetary  waves  near  the 
tropopause.  A  mechanistic,  primitive  equation  mode!  was  integrated 
under  perpetual  January  conditions  with  different  levels  of  steady  wave 
forcing  at  lOOhPa  to  investigate  the  effect  of  this  variability  on  the 
stratosphere.  With  idealized  forcing,  differences  in  the  amplitude  of  the 
waves  at  tropopause  level  lead  to  qualitatively  different  states  in  the 
stratosphere.  These  results  are  viewed  in  the  light  of  similar  experiments 
with  simpler,  quasi -gcostrophic  models.  When  the  idealized  forcing  is 
replaced  with  observed  steady  planetary  waves,  similar  states  are  found. 
These  cases  will  be  compared  with  ensembles  of  integrations  where  the 
perpetual  January  conditions  arc  replaced  by  a  seasonal  cycle  and  transient 
wave  forcing  is  included. 
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SIMULTANEOUS  MEASUREMENTS  OF  NOCTILUCENT 
CLOUDS  AND  POLAR  MESOSPHERE  SUMMER  ECHOES 
ABOVE  NORTHERN  SCANDINAVIA  IN  AUGUST  1997 

J.  Siebert  (1),  K.H.  Fricke  (1),  K.  Stebel  (2),  V.  Barabash  (2)  and  S. 
Kirkwood  (2) 

(1)  Physikalisches  Institut  der  Universitat  Bonn,  Nussallee  12,  D- 531 15  Bonn, 
Germany,  (2)  Institute!  for  Rymdfvsik,  P.O.Box  812,  S-981  28  Kiruna,  Sweden. 

Simultaneous  and  common  volume  observations  of  noctilucent  clouds  (NLC) 
and  polar  mesosphere  summer  echoes  (PMSE)  were  performed  in  August  1997 
above  Esrange  {67. 9N\  2 1.1E)  near  Kiruna,  Sweden.  On  two  occasions.  NLC 
layers  were  observed  by  lidar  with  mean  backscatter  ratios  of  12  and  25  at 
532  nm  and  mean  altitudes  of  8-1.3  and  83.4  km,  respectively.  During  both 
NLC  events,  several  PMSE  layers  were  observed  by  the  MST  radar  on  Esrange 
with  S/N  up  to  5  dB  in  an  altitude  range  between  82.0  and  88.9  km.  The  first 
of  these  NLC  events  has  also  been  recorded  by  a  camera  placed  about  380  km 
south  of  Esrange.  During  the  jointly  observed  NLC/PMSE  events  NLC  signals 
occurred  with  and  without  PMSE  present  in  the  same  scattering  volumes  at 
same  times,  as  well  as  higher  altitude  PMSE  layers  ondulating  correlated  with 
the  lower  altitude  NLC-layer.  One  of  the  PMSE  layers  appears  to  convert  to  a 
NLC  layer  during  the  observations. 


TRACE  GAS  MEASUREMENTS  IN  THE  ARCTIC  WINTER 
STRATOSPHERE  WITH  THE  AIRBORNE  SUBMILLIMETER 
SIS  RADIOMETER 

J.  Urban  (l),  H.  Bremer  {1),  V.  Eyring  (l),  K.  Kullmann  (1).  K.  Kunzi  (1), 
J.  Wohlgemuth  (1),  A.  Goede  (2),  A.  de  Jonge  (2),  Q.  Kleipool  (2).  N.  Why- 
born  (2),  H.  Hetzheim  (3),  G.  Schwaab  (3)  and  M.P.  Chipperfield  (4) 

(1)  University  of  Bremen.  Institute  of  Environmental  Physics  (IUP),  P.O. 
Box  330440,  28334  Bremen,  Germany,  (2)  Space  Research  Organization  of  the 
Netherlands  (SRON).  P.O.  Box  800,  9700  AV  Groningen,  The  Netherlands, 
(3)  German  Aerospace  Research  Facilities  (DLR),  Rudower  Chaussee  5,  12489 
Berlin.  Germany.  {4)  Center  for  Atmospheric  Science,  University  of  Cambridge, 
Lensfield  Road,  Cambridge,  CB2  1EW ,  UK. 

The  Airborne-Submillimeter-SIS- Radiometer  (ASUR)  measures  thermal  emis¬ 
sion  lines  of  stratospheric  trace  gases  at  submillimeter  wavelengths.  It  is  op¬ 
erated  aboard  the  German  research  aircraft  FALCON  at  flight  altitudes  of 
10-12  km  to  avoid  the  absorption  caused  by  tropospheric  water  vapor.  Volume 
mixing  ratio  profiles  can  be  retrieved  from  the  pressure  broadened  spectral 
lines  using  non-linear  least  squares  inversion  algorithms.  Measurement  cam¬ 
paigns  with  respect  to  ozone  depletion  in  the  Arctic  winter  stratosphere  have 
been  carried  out  in  yearly  intervals  since  1992  to  investigate  the  distributions  of 
the  radical  Chlorine  monoxide  (CIO),  the  reservoir  species  Hydrochloric  acid 
(HCI).  the  chemically  inert  tracer  Nitrous  oxide  (X20).  and  Ozone  (03).  A 
large  dataset  has  been  obtained  which  has  been  used  to  validate  the  3D  chemi¬ 
cal  transport  model  SLIMCAT  inside,  at  the  edge,  and  outside  the  polar  vortex. 
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MIDDLE  ATMOSPHERE  WINDS  AT  OBSERVATOIRE  DE 
HAUTE-PROVENCE  (44°N)  BY  DOPPLER  RAYLEIGH  LIDAR: 
SEASONAL  AND  PLANETARY  SCALE  VARIABILITY. 

C.  Souprayen  and  A.  Hauchecorne,  A.  Gamier,  A.  Hertzog 
Service  d'Aeronomie  du  CNRS,  F-91371  Verrieres-le-Buisson.  France, 
claude . souprayendaerov .jussieu.fr/Fax:  [33]  1  69  20  29  99 

The  regular  operation  of  a  Doppler  wind  lidar  since  August  1995  at  Observa- 
toire  de  Haute  Provence  (44° N)  has  offered  the  first  data  base  of  continuous 
remote  measurements  of  horizontal  winds  in  the  middle  atmosphere.  Such  set 
of  data  consists  in  vertical  profiles  of  zonal  and  meridional  components  with 
sufficient  vertical  resolution  and  accuracy  to  study  mean  winds  and  planetary 
scale  disturbances  in  the  whole  stratosphere  and  lower  mesosphere  from  15 
to  50  kilometers  altitude.  The  very  first  climatology  of  the  mean  wind  has 
been  obtained  and  compared  with  climatological  empirical  models  such  as  the 
MSISE  wind  model  and  with  the  analysis  of  the  European  Center  for  Medium 
range  Weather  Forecast  (ECMWF)  (for  the  common  vertical  range  15-30km). 
This  climatology  relies  on  3  years  of  measurements  and  the  seasonal  variation 
and  the  total  day-to-day  variability  are  reported.  For  a  specific  operation  with 
dense  measurements  coupled  with  temperature  measurements  from  a  co-located 
Rayleigh  Lidar,  a  detailed  analysis  of  the  planetary  waves  activity  over  OHP 
will  be  performed  with  specific  focus  on  the  frequency  content  for  and  phase 
mismatch  between  the  different  parameters. 


CLIMATOLOGY  OF  ARCTIC  AND  ANTARCTIC  POLAR  VOR¬ 
TICES  USING  ELLIPTICAL  DIAGNOSTICS 
D.  W.  Waugh  (1)  and  W.  J.  Randel  (2) 

(1)  Department  of  Earth  and  Planetary  Sciences,  Johns  Hopkins  University, 
Baltimore,  MD  21218,  USA..  (2)  NCAR.  Boulder,  Co  80307-3000,  USA. 

waughCvortex.shm.monash.edu.au 

The  climatological  structure,  and  interannual  variability,  of  the  Arctic  and 
Antarctic  stratospheric  polar  vortices  are  examined  by  analysis  of  elliptical 
diagnostics  applied  to  18  years  of  potential  vorticity  data.  The  elliptical  diag¬ 
nostics  define  the  area,  center,  elongation  and  orientation  of  each  vortex,  and 
are  used  to  quantify  their  structure  and  evolution.  The  diagnostics  offer  a  novel 
view  of  the  well-known  differences  in  the  climatological  structure  of  the  polar 
vortices.  There  are  substantial  differences  in  the  distortion  of  the  vortices  from 
zona!  symmetry:  the  Arctic  vortex  is  displaced  further  off  the  pole  and  is  more 
elongated  than  the  Antarctic  vortex.  While  there  is  a  mid-winter  minimum  in 
the  distortion  of  the  Antarctic  vortex,  the  distortion  of  the  Arctic  vortex  in¬ 
creases  during  its  life  cycle.  There  are  also  large  differences  in  the  interannual 
variability  of  the  vortices:  the  variability  of  the  Antarctic  vortex  is  small  except 
during  the  spring  vortex  breakdown,  whereas  Arctic  vortex  is  highly  variable 
throughout  its  life-cycle,  particularly  in  late-winter.  The  diagnostics  also  reveal 
features  not  apparent  in  previous  studies.  For  example,  there  are  periods  when 
there  are  large  zonal  shifts  in  the  climatological  locations  of  the  vortices,  and 
in  early  winter  there  are  two  preferred  longitudes  of  the  center  of  the  lower 
stratospheric  Arctic  vortex. 


GCM  SIMULATION  OF  STRATOSPHERIC  BACKGROUND 
AEROSOL 

C.  Timmreck.  J.  Feichter  and  H.-F.  Graf 

Max-Planck-Institut  fiir  Meteorologie,  Hamburg.  D-20146  Germany, 
t immreckCdkrz . de 

Stratospheric  aerosol  has  various  effects  on  the  global  climate  system.  It  dis¬ 
turbs  the  radiative  balance  and  changes  the  chemical  composition  of  the  atmo¬ 
sphere  due  to  heterogeneous  reactions.  Therefore,  as  one  part  of  a  chemical- 
microphysical  model,  a  stratospheric  aerosol  model  is  implemented  in  the  Ham¬ 
burg  climate  model  ECHAM4.  This  model  treats  the  formation,  the  devel¬ 
opment  and  the  transport  of  stratospheric  sulfuric  aerosol.  The  size  distri¬ 
bution  and  the  weight  percentage  of  the  aerosol  is  calculated  dependent  on 
the  H2SOVH20-concentration.  temperature  and  pressure.  Homogeneous  nu- 
cleatton,  condensation  (evaporation),  coagulation,  water-vapor  growth,  sedi¬ 
mentation  and  stratospheric  sulfur  chemistry  are  included.  Additionally,  the 
microphysical  model  is  coupled  to  a  tropospheric  sulfur  cycle.  This  sulfur  cycle 
treats  the  natural  and  anthropogenic  emissions,  chemistry,  dry  and  wet  de¬ 
position  and  chemistry  of  DMS.  S02  and  SO}  .  Due  to  this  combination  of 
microphvsical  model  and  sulfur  cycle,  globally  and  seasonally  different  S02- 
and  SO}- -sources  for  stratospheric  aerosol  are  taken  into  account.  First  results 
of  the  3d-simulat ion  show  that  the  model  is  able  to  reproduce  the  observed  sur¬ 
face  concentration.  The  formation  of  new  particles  through  homogeneous  nu- 
eleation  takes  place  in  the  lower  stratosphere  and  in  polar  spring.  Here  results 
of  a  multiyear  run  are  presented  and  compared  to  observations. 


MEASUREMENTS  OF  GRAVITY  WAVE  ACTIVITY  AND  THERMAL 
STRUCTURE  IN  THE  ARCTIC  STRATOSPHERIC  VORTEX 

J.  A.  Whitewav  ( I ).  T.  J.  Duck  (2)  and  A.  I.  Carswell  (2) 

( 1 )  Department  of  Physics,  University  of  Wales.  Aberystwyth 

(2)  Department  of  Physics  and  Astronomy.  York  University,  Toronto. 
jjw@aber.ac.uk,  fax:  44  1970  622826 

The  stratospheric  observatory  in  the  Canadian  High  Arctic  at.  Eureka  (80°N.86°W) 
is  ideally  situated  to  observe  processes  which  are  associated  with  the  dynamics  of 
the  polar  vortex.  Lidar  measurements  at  Eureka  have  shown  a  clear  pattern  in  the 
distribution  of  gravity  wave  activity  and  thermal  structure  within  and  around  the 
vortex.  Gravity  wave  activity  is  a  maximum  in  the  jet  of  the  vortejt  and  a  minimum 
within  the  vortex  core.  The  warmest  region  of  the  upper  stratosphere  is  within  the 
core  while  the  coldest  region  is  outside  the  vortex.  These  observations  also  indicate 
that  there  is  an  annual  midwinter  warming  of  the  upper  stratosphere  within  the  core. 
Coincident  with  this  warming  is  an  observed  increase  in  gravity  wave  activity  in  the 
jet.  The  distribution  of  gravity  wave  activity  can  be  explained  by  the  Doppler 
shifting  and  critical  level  filtering  that  is  imposed  by  the  background  wind  profile. 
We  propose  that  increased  gravity  wave  dissipation  above  the  jet  forces  the  flow 
toward  the  vortex  core  where  it  descends  and  warms  by  adiabatic  compression. 
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ST3  Open  session  on  the  ionosphere  and  thermosphere 

Convener:  Fontaine,  D. 

Co-Convener:  Schlegel,  K. 


USAGE  OF  METEOROLOGIC  AND  IONOSPHERIC 
DATA  FOR  THE  PURPOSES  OF  EARTHQUAKE  PRE¬ 
DICTIONS 

0 . A .  Ali mov  '  1 }.  S . H .  Negmatullaev  (2) 

(1)  Astrophysical  Institute  of  Tajik  Academy  of  Sciences.  Dushanbe, 
734670,  Buchori)  str,  22  Tajikistan  alimov@academy.td.silk.org  (2) 
Institut  Seismic  Resistant  construction  and  Seismologi  of  the  Tajik 
Academy  of  Sciences  Dushanbe,  734020.  A  ini  str,  121  Tajikistan 

In  this  article  results  of  analysis  of  coni  pari  Son  of  rnetenrogirn! 
and  ionospheric  data  during  Gissar  earthquake  are  presenter! .  The 
method  of  prediction  of  earthquake  time  based  ou  the  discovered 
phenomenon  of  violation  of  equilibrium  state  of  temperature  ami 
pressure  in  atmosphere  and  ionospheric  effects  before  earlhquakesis. 
Simultaneous  appearansc  of  anomaly  phenomena  in  the  atmosphere 
and  ionosphere  with  ness  the  common  origin  of  them.  Exposure  of 
P-T  shift  equilibrium  state  function  in  atmosphere  and  anomalies 
in  ionosphere  am  he  reliable  signal  for  rapid  analysis  of  observation 
according  to  the  complete  set.  of  methods  of  an  earthquake  short¬ 
term  prediction,  li  showed  that,  those  effects  observed  2  -3  days 
before  earthquakes. 


DESCENT  RATES  IN  PMSE  TYPE  LAYERS  OBESERVED  BY  THE 
UK  MST  RADAR  AT  ABERYSTWYTH 

I.Astin 

(ESSC,  University  of  Reading,  Berks,  RG6  6AL,  UK) 
iva@mail.nerc-essc.ac.uk 

The  routine  measurements  made  during  June  and  July  of  the  mesopause  region  over 
Aberysnvyth  (52.4°N,  4.1°W)  for  the  years  1990  to  1994  often  contain  PMSE  type 
returns.  Of  the  96  such  days  available  to  the  author  44  contained  only  a  single  layer 
that  persisted  for  at  least  half  an  hour.  In  another  9  days  two  distinct  layers  separated 
in  altitude  were  observed.  The  remaining  43  days  consisted  of  PMSE  type  returns 
that  persisted  for  only  short  periods.  On  35  days  the  single  layer  was  found  to 
descend.  The  descent  rate  being  in  the  range  0.04km/h  to  2.90km/h,  with  mean 
0.88km/h.  The  other  9  single  layers  were  found  to  ascend  with  a  maximum  ascent 
rate  of  0.34km/h.  In  the  twin  layer  case  the  descent  rate  of  the  highest  layer  was  in 
the  range  0.71  km/h  and  2.13km/h,  with  mean  1.08km/h.  It  is  noted  that  die  mean 
descent  rate  in  both  the  single  and  twin  layer  case  is  close  to  the  descent  rate  for  the 
diurnal  tide,  and  that  the  maximum  descent  rate  is  close  to  that  for  the  semi-diurnal 
tide.  However,  where  there  are  two  layers  their  vertical  separation,  of  approximately 
12km,  are  somewhat  less  than  the  expected  vertical  wavelength  of  the  diurnal  tide. 
An  explanation  could  be  that  there  is  a  general  slowing  of  the  descent  rate  as  the  tidal 
phase  front  passes  down  through  the  mesosphere  resulting  in  a  convergence  of  the 
two  layers.  This  has  been  found  in  other  observations  and  models  in  the  published 
literature-  where  gravity  wave  breaking  in  the  mesosphere  slows  the  descent  of  the 
tide  with  consequent  reduction  in  the  vertical  wavelength.  Evidence  for  this 
convergence  in  the  MST  data  is  provided  by  the  fact  that  in  general  the  lower  layer 
descends  more  slowly  than  the  upper  layer.  It  would  thus  appear  that  PMSE  layers 
over  Aberystwyth  usually  have  a  dominant  diurnal  component,  though  there  may  be 
on  occasions  a  strong  semi-diurnal  component,  and  a  background  of  gravity  wave 
activity  that  can  cause  ascent  or  slowing  of  the  descent  of  the  layers. 


OBSERVATIONS  OF  WAVE  MOTIONS  IN  THE  MESOPAUSE 
OF  EARTH’S  ATMOSPHERE  WITH  USING  OF  VERY  LOW 
FREQUENCY  SIGNALS. 

P.P.Belyaev  (1),  A.A.Lisov  (1),  N.I.Belova  (i)  and  M.N.Yakunin  (1) 

(1)  Radiophysical  Research  Institute  (NIRFI),  25/14  B. Pecherskaya  st.,  603600 
N.Novgorod,  Russia.. 

belya«v0nirfi. sci-nnov.ru/Fax:  [+007]  8312  369  902 

Two-frequency  scheme  of  lower  ionosphere  electromagnetic  sounding  was  used 
for  investigations  of  atmosphere-ionosphere  disturbances  over  period  from  Feb., 
16,  1997  to  Nov.,  1997.  Amplitude  measurements  were  performed  for  impul¬ 
sive  signals  at  two  frequencies,  11905  and  14881  Hz,  from  Russian  VLF  nav¬ 
igation  system.  The  distance  between  transmitter  (Krasnodar)  and  receiver 
(N.Novgorod,  both  in  Russia)  was  1500  km.  As  a  rule,  during  daytime  con: 
ditions,  3-4  hours  after  sunrise,  visible  sinuousform  untiphase  variations  with 
periods  of  I- 10  min  are  observed  in  amplitude  of  signals.  In  accordance  with 
VLF-waveguide  theory,  daytime  reflection  hights  are  equaled  to  63-66  km,  just 
bellow  of  the  mesopause  region.  Due  to  the  summation  of  waveguide  modes  the 
untiphase  behaviour  of  amplitudes  must  be  observed  for  signals  at  frequencies 
12  kHz  and  15  kHz  and  distance  under  consideration.  During  nightime  condi¬ 
tions,  when  the  reflection  hights  are  increased  up  to  80-85  km  and  situated,  in 
fact,  within  the  mesopause  or  just  above,  periods  af  sighal  amplitude  variations 
are  increased  essentially  also,  up  to  1-3  hours,  and  have  a  clear  cutoff,  equaled 
to  8-10  min. 


LONG-TERM  VARIATION  OF  THE  HEIGHT  OF  THE 
MAXIMUM  ELECTRON  DENSITY  IN  THE  IONOSPHERE 


P.  Bencze(l),  A.  Poor  (1),  G.  Sole(2)  and  L.F.  Alberca  (2) 

(1)  Geod.  Geophys  Res.  Inst.  Hung.  Acad.  Sci.,  Sopron,  (2)  Observatori 
de  L’Ebre,  Roquetes 
bencze@ggki.hu/Fax:  +36-99  313  267 

The  long-term  variation  of  the  height  of  the  maximum  electron  density  in 
the  ionosphere  hmF2  has  been  studied  using  the  data  of  17  Far-Eastern 
and  American  ionospheric  stations.  The  stations  are  located  in  a  limited 
region  of  geographical  longitude  both  in  the  Far-Eastern  and  the  Amer¬ 
ican  zone.  The  trend  of  hmF2(km/year)  and  the  level  of  significance  of 
the  results  has  been  determined  for  every  station.  It  has  been  found  that 
the  trend  of  hmF2  seems  to  indicate  a  latitudinal  variation,  beginning 
with  positive  trends  at  northern  high  latitude  followed  by  increasing  neg¬ 
ative  trends  from  northern  mid-latitudes  to  southern  high  latitudes.  The 
seasonal  and  daily  variations  of  the  trend  has  also  been  established.  The 
seasonal  variation  can  be  approximated  by  a  curve  showing  maximum 
values  in  the  winter  months.  The  daily  variation  shows  rather  greater 
values  by  night,  than  by  day.  A  preliminary  explanation  of  the  results 
obtained  is  also  given. 


EFFECTS  OF  A  MAGNETIC  STORM  ON  THE  EQUATORIAL 
IONOSPHERE,  OBSERVED  BY  HF  RADAR  DURING  THE  IEEY 

E.  Blanc,  T.  Farges,  Laboratoire  de  Geophysique,  Commissariat  a  TEnergie 
Atomique,  BP  12,  91680  Bruyfcres  le  Chatel,  France 

Sow  Mamadou,  Departement  de  Physique,  Universite  d'Abidjan,  22,  BP  582, 
Abidjan  22,  Cote  d'Ivoire 

During  the  IEEY,  ionospheric  measurements  have  been  performed  using  a 
high  resolution  HF  radar  at  Korhogo  in  Ivory  Coast  (9°24,62,’N,  5037’38"W). 
Irregularities  of  the  daytime  equatorial  ionosphere  have  been  intensively 
studied  during  two  campaigns  in  April-July  93  and  October-November  94. 
They  are  formed  by  intense  kilometric  irregularities  at  100-115  km  in  the 
electrojet  region  and  weak  irregularities  in  a  typical  equatorial  intermediate 
region  at  150  km.  Their  characteristics  are  strongly  dependent  on  the 
magnetic  conditions.  The  purpose  of  this  paper  is  to  present  a  detailed 
observation  of  the  effects  of  a  magnetic  storm  on  the  structure  of  these 
irregularities.  One  of  the  most  striking  effect  is  an  increase  of  the 
irregularities  amplitude  correlated  with  increases  of  the  magnetic  field 
measured  at  ground,  irregularities  disappear  when  the  magnetic  field 
decreases.  Doppler  measurements  have  been  used  for  providing  the  electrojet 
electric  field.  The  results  are  discussed  in  terms  of  the  influence  of  the 
external  dynamo  on  the  equatorial  ionosphere. 
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HEIGHT  DEPENDENCE  OF  THE  GRAVITY  WAVE 
ACTIVITY  CALCULATED  FROM  RAPID  SEQUENCE 
IONOSPHERIC  VERTICAL  SOUNDING 

J.  Boska  and  P.Sauli 

Institute  of  Atmospheric  Physics,  Prague 

pkn@ufa.ca$.cz/Fax:  +420-2-71762528 

□ 

The  results  of  two  campaigns  of  rapid  sequence  (repetiton  time  5 
minutes)  ionospheric  vertical  soundings  measured  at  Pruhonice 
observatory  (15E,  SON)  are  used  for  computing  the  ionospheric 
parameters  in  the  height  range  of  150-250  km.  Both  campaigns 
(10-17  October  1996  and  27  October-7  November  1997)  and 
were  run  under  low  solar  and  geomagnetic  activity  conditions. 
Data  were  well  usable  for  evaluating  the  gravity  wave  activity, 
especially  during  daytime.  Computed  ionospheric  parameters 
are  used  for  evaluation  of  the  height  dependence  of  acoustic 
gravity  wave  activity  and  dissipation  of  the  gravity  waves  with 
height. 


A  DIGITAL  IONOSPHERIC  STATION  IN  THE 
OBSERVATORY  LOPARSKAYA 

Chemyakov  S.M.,  Evstafjev  O. V. 

Polar  Geophysical  Institute;  15  Khalturina  Str.,  Murmansk  183010, 
Russia;  <sergeich@polar.murmansk.su> 

During  many  years  there  was  an  ionospheric  station  in  the  Geophysical 
Observatory  Loparskaya  (LOP,  (p-68.25°N,  X=33.08°E;  <D=64.52°N, 
A-l  13.9  E;  L=5.2).  A  photographical  method  was  used  and  it  was 
decided  to  adapt  an  ionospheric  complex  “Bazis”  as  a  modem  vertical 
lonosonde.  The  main  problem  was  to  replace  the  old  system  of 
information  sampling  by  using  modem  hardware  and  to  create  new 
software.  It  has  been  done  and  we  have  now  a  digital  ionospheric  station 
of  a  vertical  sounding  with  modem  software  and  hardware.  The  range  of 
working  frequencies  is  0.3+39.999  MHz.  The  sounding  frequency 
changes  automatically  with  a  discrete  step  chosen  beforehand:  1,  5,  10, 
20,  25,  50,  100  kHz.  A  working  cycle  of  sounding  includes  400 
successive  frequencies  which  change  with  a  chosen  step.  Duration  of 
pulses  is  in  the  range  25+800  mks,  a  repetition  frequency  can  be  chosen 
in  the  range  of  1  +50  Hz.  Pulse  power  is  aboutl  5  kW. 


HF  DOPPLER  PROBING  OF  IONOSPHERIC  PERTURBATIONS 
WHICH  ACCOMPANIED  THE  SPACE  SHUTTLE  ATLANTIS 
LAUNCH  WITH  A  GEOMAGNETIC  STORM  AS  A  BACK¬ 
GROUND 

L.  F.  Chernogor  (1),  K.  P.  Garmash  (1),  L.  S.  Kostrov  (1),  S.  G.  leus  (1),  S.  N. 
Pokhil'ko  (1),  V.  T.  Rozumenko  (I),  A.  M.  Tsymbal  (1)  and  O.  F.  Tyrnov  (1) 
(1)  Kharkiv  State  University.  Kharkiv,  Ukraine. 

Oleg . F . Tyrao vCuniver . kharkov . ua 

Spectral  analysis  of  the  Doppler  shift  fd(t)  has  revealed  that  in  45  to  50  min 
after  the  lift-off  on  May  15,  1997,  in  a  ^  ~250  to  300  km  region  a  50%,  30%  and 
100%  increase  in  T  =13-.  32-.  and  64-min  period  harmonics,  respectively,  occurs 
in  the  HF  Doppler  spectrum.  The  duration  of  quasi-periodic  perturbations 
is  more  than  an  hour.  The  quasi-periodic  perturbation  amplitude  AN/N  as 
2%..  It  is  possible  that  the  perturbations  were  caused  by  burn  of  the  Orbital 
Maneuvering  System  engines  triggering  processes  observed  in  the  ionosphere. 
The  apparent  speed  is  29  ±9  km/s.  The  authors  have  been  supported  by  STCU 
Grant  471. 


OBSERVATIONS  OF  IONOSPHERIC  D  REGION  PERTURBA¬ 
TIONS  WHICH  ACCOMPANIED  THE  SPACE  SHUTTLE  OR- 
BITER  ATLANTIS  LAUNCH  WITH  A  GEOMAGNETIC  STORM 
AS  A  BACKGROUND  BY  PARTIAL  REFLECTION  TECHNIQUE 

L.  F.  Chernogor  (1),  K.  P.  Garmash  (1),  A.  I.  Gritchin  (1),  L.  S.  Kostrov  (1), 
V.  T.  Rozumenko  (1),  A.  M.  Tsymbal  (1)  and  O.  F.  Tyrnov  (1) 

(1)  Kharkiv  State  University,  Kharkiv,  Ukraine. 

Oleg. F. TyrnovCuniver. kharkov.ua 

Observations  of  possible  global  processes  in  the  lower  ionosphere  which  ac¬ 
companied  the  launch  of  the  Space  Shuttle  orbiter  Atlantis  on  May  15,  1997, 
are  presented.  Quasi-periodic  perturbations  in  the  electron  number  density  of 
AA'/iV  ~  30  to  70%  are  determined  with  magnitudes  of  their  time  delays  of  the 
order  of  45  to  55  min,  those  of  quasi-periods  of  tens  of  minutes,  and  durations 
of  1  to  2  hours.  They  could  be  due  to  pulsating  102  to  10  keV  electron  fluxes 
of  ~  106  to  4  •  107m-2s"1  from  the  magnetosphere.  The  authors  have  been 
supported  by  STCU  Grant  471. 


ON  THE  POSSIBILITY  OF  ENERGETIC  PARTICLE  PRECIPI¬ 
TATION  FROM  THE  MAGNETOSPHERE  INTO  THE  MIDDLE 
LATITUDE  IONOSPHERE 

L.  F.  Chernogor  (1),  K.  P.  Garmash  (1),  V.  T.  Rozumenko  (1)  and  O.  F. 
Tyrnov  (1) 

(1)  Kharkiv  State  University,  Kharkiv,  Ukraine. 

Oleg. F . TyrnovCuniver . kharkov . ua 

Observations  of  transient  processes  in  the  lower  ionosphere  made  by  different 
techniques  (partial  reflection,  magnetometer,  etc.)  are  analyzed.  Anthropogenic 
and  natural  perturbations  in  the  ionosphere  could  be  accompanied  by  the  pre¬ 
cipitation  of  energetic  particles.  Parameters  of  electron  fluxes  (particle  fluxes  of 
p-10  to  10  m“V\  energy  fluxes  ofU0‘8  to  10“7  JnrV1,  etc.)  are  es¬ 
timated.  The  precipitating  electrons  cause  an  increase  of  ~  105  to  107  m -3s~1 
in  the  rate  of  production  of  ionization.  A  comparison  of  flux  parameters  in  the 
high-  and  midlatitude  ionosphere  is  made.  The  authors  have  been  supported 
by  STCU  Grant  471. 


AN  ION-MOLECULE  MECHANISM  FOR  THE  FORMATION  OF 
NEUTRAL  SPORADIC  LAYERS  OF  SODIUM  AND  IRON 

R.M.  Cox,  R.M.  Rollason  and  J.M.C.  Plane 

School  of  Environmental  Science,  University  of  East  Anglia,  Norwich  U  K 
j.plane@uea.ac.uk 

Sporadic  neutral  layers  ate  thin,  highly  concentrated  layers  of  metal  atoms 
that  appear  quite  suddenly  in  the  lower  thermosphere.  Although  a  number, of 
theories  have  been  advanced  to  account  for  die  metal  reservoir  and'the 
mechanism  that  triggers  this  very  puzzling  phenomenon,  there  is  strong 
evidence  that  the  reservoir  is  metal  ions  in  sporadic-#  layers  We  have 
therefore  carried  out  a  laboratory  study,  using  a  fest  flow  tube  and  a  novel 
User  flash  photolysis  technique,  into  the  chemical  pathways  by  which  Na+  and 
Fe  are  converted  to  neutral  atoms.  This  work  has  shown  that  the 
neutralisation  kinetics  of  these  ions  in  the  MLT  region  is  in  feet  rather 
complex.  Significantly,  the  lifetime  of  Na+  changes  rapidly  from  more  than  a 
day  above  100  km  to  just  a  few  minutes  at  90  km.  A  model  describing  the 
neutralisation  of  Na*  and  Fe+  in  a  descending  sporadic-#  layer  demonstrates 
that  the  ion-molecule  mechanism  fulfils  most  of  the  criteria  for  producing 
sporadic  metal  layers,  including  the  observed  differences  between  Na  and  Fe 
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LONG-TERM  TRENDS  OF  THE  IONOSPHERIC  AND  JERMOSPHER1C 
PARAMETERS  AND  THEIR  MUTUAL  RELATION 


A.  D.  Danilov 

Institute  of  Applied  Geophysics,  Moscow,  Russia 
geophy$@sovam. com/Fax:  +095-1 87-75-1 3 


During  the  recent  years  publications  appeared  in  which  long-term  trends  of 
various  ionospheric  and  thermospheric  parameters  had  been  detected. 
Original  data  on  the  trends  of  the  F2  layer  critical  frequency  foF2  and  the 
E  region  ion  composition  are  presented.  The  method  of  correct  denvation  of 
trends,  including  use  of  relative  values  instead  of  absolute  ones  is 
discussed.  It  is  demonstrated  that  the  correct  treating  of  the  initial  data 
series  for  the  foF2  data  improves  significantly  the  statistics  and 
eliminate  the  seasonal  effect  in  the  foF2  trends  found  earlier.  An 
Importance  of  proper  choice  of  the  solar  cycle  periods  to  get  rid  of  the 
hysteresis  effect  and  to  reduce  the  data  scatter  in  deriving  the  foF2  trends 
is  demonstrated.  An  attempt  to  consider  jointly  the  trends  in  the 
thermospheric  and  ionospheric  parameters  (foF2,  foE,  hmF2,  the  E  region 
ion  composition,  number  of  ionospheric  storms,  occurrence  frequency  of  F- 
spread)  in  the  scope  of  the  ionosphere  formation  theory  is  made. 


COMPUTATIONAL  ALGORITHM  FOR  SOME  PROBLEMS  OF 
IONOSPHERE  WAVE  INTERACTION 


V.  A.  Eremenko  .  , 

Institute  of  Terrestrial  Magnetism  and  Radio  Wave  Propagation,  Troitsk, 
Moscow  Region,  142092  Russia. 
evaCtop .  izmirauQ.troitsk.ru 

The  propagation  of  powerful  electromagnetic  waves  is  described  in  terms  of 
nonlinear  equations  of  the  evolution  type.  We  consider  the  computational  sim¬ 
ulation  of  this  nonlinear  problem.  Disadvantages  of  the  numerical  approxima¬ 
tion  can  lead  to  the  appearance  of  high  harmonics  and  the  physical  instability 
can  increase  these  parasitic  harmonics.  Thus,  we  can  obtaift  the  picture  which 
is  absolutely  not  correspond  to  the  physical  phenomenon.  We  suggest  the  com¬ 
putational  algorithm  which  is  based  on  the  combination  of  the  decomposition 
method  and  the  theory  of  the  generalized  functions.  The  numerical  algorithm  is 
consist  of  two  stages:  first  one  include  the  differential  operator  across  the  wave 
propagation  direction  but,  it  is  not  contain  nonlinearity;  second  one  include  all 
nonlinear  terms  but  not  transversal  derivatives.  The  first  step  is  a  classic  step 
for  the  linear  propagation  and  diffraction  problem.  The  second  step  lead*  only 
to  a  variation  of  the  phase  but  not  the  amplitude  of  the  wave.  It  is  not  difficult 
to  argue  that  the  second  step  is  absolutely  stable  if  the  nonlinear  terms  depend 
only  from  the  modulus  of  the  desired  complex  function.  The  physical  sense  of 
such  separation  is  to  separate  the  process  of  the  linear  propagation  from  the 
process  of  the  nonlinear  distortion.  In  order  to  avoid  the  parasitic  harmonic., 
we  can  use  for  the  first  stage  the  approach  of  the  generalized  function  the¬ 
ory.  For  this  aim.  we  introduce  the  system  of  base  functions  and  transfer  the 
.•'CP _ _ ri«cirArl  function  to  the  base  functions. 


A  STATISTICAL  COMPARISON  OF  MEASURED  VELOCITIES 
FROM  THE  CUTLASS  SYSTEM  AND  THE  EISCAT  UHF  RADAR 

T  A  Davies.  M.  Lester.  S.  E.  Milan,  T.  R.  Robinson  and  T.  K.  Yeoman 

University  of  Leicester,  Leicester,  LEI  7RH,  UK 

jaq@ion.le.ac.uk 

Comparison  is  made,  on  a  statistical  basis,  of  measurements  of  irregularity 
drift  speed  made  by  the  CUTLASS  HF  radars,  sited  in  Finland  and  Iceland, 
and  F-region  ion  velocity  measurements  from  the  EISCAT  UHF  radar. 
Since  the  CUTLASS  radar  facility  commenced  operation,  in  1995,  a 
significant  amount  of  simultaneous  CUTLASS  and  EISCAT  measurements 
have  been  collected;  it  is,  therefore,  now  timely  to  compare  statistically  the 
velocities  measured  by  the  two  radar  systems.  Line-of-sight  measurements 
from  both  the  CUTLASS  Finland  and  Iceland  radars  are  compared  to  the 
component  of  the  ion  vector  velocity,  yielded  by  the  tristatic  EISCAT  UHF 
radar,  along  Jjie  appropriate  CUTLASS  radar  beam. 


INTERPRETATION  OF  EQUATORIAL  IONOSPHERIC  IRREG- 
ULAJUTH^OBSERVED  BY  HF  RADAR  IN  THE  UPPER  E  RE¬ 
GION 
T*  F&rst6s 

Laboratoire  de  Detection  et  de  Geophysique.  Commissariat  a  FEnergie  Atom- 
ique,  BP  12,  91680  Bruyeres  le  Chatel.  France, 
f argesCldg . bruyeres . cea . f r 

The  purpose  of  this  paper  is  to  present  new  interpretations  of  observations 
performed  during  the  International  Equatorial  Electrojet  Year  (IEEY)  m  Ivory 
Coast  (Korhogo,  9°24'62"N,  5°37'38"W,  4°  dip  angle)  with  high  precision  H.F. 
vertical  soundings.  We  observed  irregularities  in  the  E,  upper  E  and  FI  re¬ 
gions,  during  daytime  and  magnetic  disturbed  periods.  We  try  here  to  explain 
the  irregularity  creation  process.  In  a  first  part  we  will  present  existence  con¬ 
ditions,  in  a  second  part  we  will  examine  some  hypotheses  for  different  kinds 
of  irregularities. 


SIMULTANEOUS  EISC AT/STARE  OBSERVATIONS  OF 
THE  UNSTABLE  E-REGION 

C.F.  del  Pozo(l),  P.J.S.  WUliams(l),  and  E.  Nielsen(2) 

(1)  Physics  Department,  University  of  Wales  Aberystwyth,  U.K.,  (2) 
Max  Planck  Institut  fur  Aeronomie,  Katlenburg-Lindau,  Germany 

A  relatively  large  data  set  of  simultaneous  EISCAT/ STARE  observa¬ 
tions  are  used  to  test  a  number  of  theoretical  predictions  concerning  the 
E-region  current  instability  (Farley-Buneman).  The  data  covers  periods 
of  6  hours  (18-24  UT)  on  17  separate  days  during  March  and  April  1988. 
EISCAT  provided  both  a  good  determination  of  the  electric  held  and 
high-resolution  measurements  of  the  ionospheric  parameters  in  the  E- 
region,  while  the  two  coherent  radars  from  STARE  measured  the  phase 
velocity  of  the  unstable  waves  along  two  different  directions. 

The  onset  of  instability  is  clearly  identified  and  the  instability  cone  sep¬ 
arating  two  regimes  of  turbulence  in  the  plane  perpendicular  to  the 
magnetic  field  is  defined.  The  instability  threshold  is  studied  as  a  func¬ 
tion  of  the  electric  field,  the  temperature  of  the  plasma,  and  the  level  of 
neutral  wind  activity  (particularly  the  effects  of  tides),  together  with  the 
evolution  of  the  turbulence  inside  and  outside  the  instability  cone,  and 
the  associated  turbulent  heating  of  the  surrounding  plasma,  as  functions 
of  the  strength  of  the  convection  electric  field. 


MAGNETOSPHERIC  AND  IONOSPHERIC  DISTURBANCE  DY¬ 
NAMO  EFFECTS  IN  THE  LOW-  AND  MID-LATITUDE  IONO- 


CDHPPF 


B.  G.  Fejer  (1)  and  L.  Scherliess  (1) 

firwr  A  t  mnsnheric  and  Space  Sciences.  Logan,  L  1  84,522,  uda. 


MejerCcc.usu.edu 

The  ionospheric  plasma  drifts  are  strongly  affected  by  geomagnetic  activity.  We 
use  Ion  Drift  Meter  data  from  the  DE-2  satellite  and  incoherent  scatter  radar 
observations  to  examine  the  low-  and  mid-latitude  ionospheric  disturbance  elec¬ 
tric  field  patterns.  The  average  disturbance  drift  patterns  obtained  from  these 
data  are  generally  in  good  agreement  with  results  from  global  convection  and 
ionospheric  disturbance  dynamo  models.  However,  these  observations  also  in¬ 
dicate  large  variability  on  the  electric  field  disturbance  patterns.  In  this  talk  we 
concentrate  on  the  possible  effects  of  IMF  By.  season,  solar  cycle  and  longitude 
on  the  low-  and  mid-latitude  ionospheric  perturbation  electric  fields  during  dis¬ 
turbed  conditions  and  on  their  effects  on  the  generation  of  ionospheric  plasma 
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INTRADIURNAL  OSCILLATIONS  IN  ANTARCTIC  LOWER 
THERMOSPHERE  WINDS:  SOUTH  POLE  OBSERVATIONS 
AND  GLOBAL  IMPLICATIONS 

J.  M.  Forbes  (1),  S.  Palo  (1),  Yu.  I.  Portnyagin  (2),  N.  A.  Makarov  (2)  and 
E.G.  Merziyakov  (2) 

(I)  Department  of  Aerospace  Engineering  Sciences,  Campus  Box  429,  Univer¬ 
sity  of  Colorado,  Boulder,  CO  80309-0429  U.S.A.,  (2)  Institute  for  Experimental 
Meteorology,  Scientific  Production  Association  TYPHOON,  Obninsk,  Russia, 
f orbesCzeke . Colorado . edu 

Meteor  radar  wind  measurements  were  made  from  the  South  Pole  from  January 
19,  1995  through  January  26,  1996,  and  from  November  21,  1996,  through 
January  27,  1997.  The  radar  measures  meridional  wind  speeds  in  four  volumes 
of  space  located  near  95  km  altitude,  88  deg  latitude,  and  along  the  0,  90E, 
90W  and  180  deg  longitude  meridians.  Observed  intradiurnal  oscillations  which 
are  westward-propagating  with  zonal  wavenumber  one  fall  into  two  classes: 
(a)  a  12-hour  oscillation  which  dominates  during  non-winter  months;  and  (b) 
shorter-period  oscillations  which  appear  only  during  the  winter.  During  the 
austral  winter  of  1995,  six  intradiurnal  wave  "events”  occurred  which  met  our 
statistical  significance  criterion.  Wave  periods  ranged  between  about  7.0  and 
10.5  hours,  with  wave  amplitudes  ranging  between  10  and  15  m/sec.  These 
events  are  examined  in  detail,  and  numerical  simulations  using  the  Global  Scale 
Wave  Model  are  presented  which  provide  some  indication  of  the  latitudinal  and 
vertical  extent, of  the  oscillations. 


ENHANCED  ION  ACOUSTIC  FLUCTUATIONS  AND  ION  OUT¬ 
FLOWS  IN  THE  UPPER  IONOSPHERE 

F.  Forme  and  D.  Fontaine 
CETP/UVSQ/IPSL,  France. 

francols.lormeCcetp.ipsl.fr/Fax:  [33]  139  254  919 

Number  of  observations  showing  enhanced  ion  acoustic  echoes  observed  by- 
mean  of  incoherent  scatter  radar  have  been  reported  in  the  litterature.  The 
received  power  is  extremely  enhanced  up  to  1  or  2  orders  of  magnitude  above 
usual  values,  and  it  is  mostly  contained  in  one  of  the  two  ion  acoustic  lines.  This 
spectral  asymmetry  and  the  intensity  of  the  received  signal  cannot  be  resolved 
by  the  standard  analysis  procedure  and  often  cause  its  failure.  As  a  result,  and 
in  spite  of  a  veryr  clear  spectral  signature,  the  analysis  is  unable  to  fit  the  plasma 
parameters  inside  the  regions  of  ion  acoustic  turbulence.  Enhanced  ion  acoustic 
fluctuations  are  associated  with  ;  enhanced  electron  temperature  and  large  field- 
aligned  bulk  ion  outflows  from  the  topside  ionosphere  Although  unavailable 
from  the  standard  analysis  procedure,  the  plasma  description  inside  turbulent 
regions  remains  a  crucial  information  to  understand  the  ion  acceleration  process 
related  to  enhanced  ion  acoustic  echoes.  We  will  present  in  this  talk  European 
Incoherent  Scatter  radar  EISCAT  observations  of  large  ion  outflows  associated 
with  the  simultaneous  occurence  of  enhanced  ion  acoustic  echoes.  From  the 
verv  clear  spectral  signatures  of  this  echoes,  a  method  will  presented  to  extract 
some  kind  of  estimates  or  informations  on  the  plasma.  Finally,  estimates  of 
the  electron  temperature  and  of  the  ion  drift  are  used  to  study  the  possible 
implications  on  the  plasma  transport  inside  turbulent  regions. 


A  NEW  UPSHIFT  ED  SPECTRAL  STRUCTURE  IN  STIMULATED  ELEC¬ 
TROMAGNETIC  EMISSION  SPECTRA,  OBSERVED  BETWEEN  ELEC¬ 
TRON  CYCLOTRON  HARMONICS 

V.L.  Frolov.  E.N.  Sergeev  (Radiophysical  Research  Institute.  B.  Pecherskaya 
$tr.  25,  Nighny  Novgorod,  603600,  Russia) 

P.  Stubbe  ( Max-Plauck-Institut  fur  Aeronomie,  D-37191  Katlenburg-Lindau, 
Germany) 

We  present  detailed  experimental  results  concerning  features  of  the  broad 
upshifled  structure  (BUS)  which  extends  in  the  stimulated  electromagnetic 
emission  spectra  up  to  90  -  170  kHz  above  the  pump  wave  frequency.  The 
BUS  properties  have  been  studied  in  the  frequency  range  between  the  3rd  and 
5th  electron  cyclotron  harmonics  (/«  ~  1350  kHz  in  our  measurements).  It  is 
observed  that  the  generation  of  the  BUS  occurs  in  the  pump  frequency  ranges 
from  4.3  MHz  to  4.8  MHz  and  from  5.55  MHz  to  0  MHz,  with  a  maximum 
intensity  at  about  4.55  MHz  and  5.6  MHz,  respectively.  The  BUS  is  found  to 
be  induced  in  the  vicinity  of  the  upper  hybrid  resonance  level  for  the  pump 
wave.  The  threshold  pump  power  for  the  Bl  S  generation  is  about  a  MW  ERP. 
The  dependence  oft.be  BUS  spectral  features  on  the  pump  frequency  and  pump 
power,  as  well  as  their  temporal  development  and  decay  under  different  iono¬ 
spheric:  conditions,  are  investigated.  The  experiments  were  performed  at  the 
Sura  heating  facility  (56° A',  46° £\  Nizhny  Novgorod,  Russia)  by  modification 
of  the  ionospheric  F  region  using  a  II F  ordinary  mode  pump  wave. 


TWO  COMPONENT  NATURE  OF  BROAD  UPSHIFTED  MAXIMUM  EMIS¬ 
SION  FROM  THE  HF  MODIFIED  IONOSPHERE 

V.L.  Frolov,  L.M.  Kagan,  E.N.  Sergeev  (Radiophysical  Research  Institute,  B.  Pech¬ 
erskaya  Str.  25,  Nizhny  Novgorod,  603600,  Russia) 

P.  Stubbe  (Max-PIanck-Institut  fur  Aeronomie,  D-37191  Katlenburg-Lindau, 
Germany) 


We  have  studied  at  the  Sura  heating  facility  (56°  A*,  46°  £ ,  Nizhny  Novgorod, 
Russia)  the  structure  of  the  BUM  emission  in  the  SEE  spectrum  and  found  that 
the  BUM  includes  two  different  components,  BUMi  and  BUM2.  Generation  of 
the  BUM  j.  occurs  when  the  pump  frequency,  /o,  is  in  the  immediate  vicinity 
of  the  electron  cyclotron  harmonic,  that  is  for  bf  =  fo  —  4 fce  =  — 20  to  +60 
kHz.  Its  intensity  is  highest  for  6f  ~  0.  This  component  is  characterized  by  a 
weak  dependence  of  its  peak  frequency,  A JbuM^  on  the  pump  frequency  /0. 
In  contrast,  the  peak  frequency  of  the  BUM2  significantly  increases  with  /0l 
approximately  satisfying  the  equation  A /bum2  =  f°r  &f  >  40  kHz,  w^le  ^or 
smaller  6 f  this  dependence  may  be  weaker.  The  BUM2  peak  intensity  has  its 
highest  value  for  bf  ~  30  -  40  kHz,  where  the  occurrence  of  multiple  maxima 
(up  to  three,  as  a  rule)  is  observed  in  the  spectra.  We  find  that  the  BUM2  is 
generated  in  the  vicinity  of  the  upper  hybrid  resonance  level,  i.e.,  where  the 
local  upper  hybrid  frequency,  fuh  =  {fa  +  fa)11’,  equals  the  pump  frequency 
fo- 


FIELD-ALIGNED  ION  FLOW  EVENTS  FROM  THE  IONO¬ 
SPHERE  OBSERVED  BY  THE  EISCAT  VHF  RADAR 
R.  Fujii  (1),  M.  Endo,  Y.  Ogawa,  S.  C.  Buchert,  S.  Nozawa  (1)  and  S.  Watan- 
abe,  N.  Yoshida  (2) 

(1)  Solar-Terrestrial  Environment  Laboratory,  Nagoya  University,  Chikusa-ku, 
Nagoya  464-0814,  JAPAN,  (2)  Department  of  Geophysics,  Tohoku  University, 
JAPAN. 

rf u j iiCstelab . nagoya-u . ac .  jp/Fax:  [81]  52  789  4311 

We  have  determined  statistically  the  spatial  distribution  of  field-  aligned  ion 
flows  and  their  temporal  developments  by  using  Common  Program-7  (CP-7) 
data  obtained  from  the  EISCAT  VHF  radar  system  at  Tromsp,  Norway.  Tromsp 
is  located  mostly  in  the  closed  magnetic  field  line  region.  We  have  found  that 
field-aligned  ion  flows  are  sporadic  phenomena  and  both  ion  outflows  and  in¬ 
flows  occur  at  all  MLTs,  but  ion  outflows  dominate  over  ion  inflows  in  terms 
of  their  occurrence  and  velocities.  Representative  samples  of  these  ion  out¬ 
flow/inflow  events  indicate  that  ion  momentum  is  not  solely  determined  by 
effective  (ambipolar)  ion  pressure  gradient,  gravity  force,  neutral  friction  and 
inertia. 


VARIATIONS  IN  THE  ELECTRON  COLLISION  FREQUENCY 
AND  ELECTRIC  FIELDS  IN  THE  LOWER  IONOSPHERE  AT 
MIDDLE  LATITUDES 

A.  M.  Gokov  (1),  S.  I.  Martynenko  (1),  V.  T.  Rozumenko  (1),  A.  M.  Tsymbal  (1) 
and  O.  F.  Tyrnov  (1) 

(1)  Kharkiv  State  University,  Kharkiv,  Ukraine. 

Oleg . F . TyrnovCuni ver . kharkov . ua 

The  analysis  of  measurements  made  by  the  partial  reflection  technique  at  the 
lower  edge  of  the  ionosphere  has  provided  the  distribution  of  effective  electron 
collision  frequency  magnitudes  derived  with  taking  into  account  the  kinetic 
effects.  An  assumption  is  made  that  this  distribution  is  affected  during  periods 
of  strong  electric  fields.  A  new  technique  for  deriving  these  electric  fields  from 
the  data  on  effective  electron  collision  frequencies  is  developed.  The  results  ot 
investigations  of  electric  fields  obtained  from  this  technique  during  1978  to  1997 
at  Kharkiv  State  University  are  presented.  The  authors  have  been  supported 
by  STCU  Grant  471. 
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RECENT  ADVANCES  IN  INCOHERENT  SCATTER  RADAR 
MEASUREMENT  CAPABILITIES  OF  THE  TOPSIDE  IONSO- 
PHERE  AND  PLASMASPHERE  AT  ARECIBO  OBSERVATORY 

S.  A.  GonzAlez  (1)  and  Michael  P.  Sulzer  (1) 

(1)  National  Astronomy  and  Ionosphere  Center,  Arecibo  Observatory,  PO  BOX 
995  Arecibo,  PR  00613  USA. 

*ixtoOnaic.«du/Fax:  [+1]  787-878-1861 

New  measurements  of  light  ions  in  the  topside  ionosphere  over  Arecibo  will  be 
presented.  We  will  discuss  the  altitude  and  temporal  variations  of  the  three 
major  ion  species  in  the  topside  ionosphere  (0+,  H+,  and  He+).  The  ISR 
spectra  were  reduced  using  a  a  non-linear  least  squares  fitting  algorithm  which 
allowed  for  Te,  Ti,  [0+],  [H+],  and  [He+]  to  be  free  simultaneously.  One  of  the 
more  striking  features  of  the  ion  distributions  is  the  formation'of  a  He+  layer 
during  the  night  at  altitudes  near  the  0+/H+  transition  region.  In  addition  we 
will  present  results  of  independent  velocity  and  V^+)  and  temperature 

(Tq+  ,  and  Th+)  measurements. 


SIMULTANEOUS  OBSERVATIONS  OF  ENHANCED  ION  SPEC¬ 
TRA  AND  STRONG  PLASMA  LINES  WITH  THE  EISCAT  UHF 
RADAR  SYSTEM. 

T.  Gry deland  (1),  E.  Mjolhus  (2)  and  N.  Bjorna  (1) 

(1)  Institute  of  physics,  University  of  Tromso,  (2)  Institute  of  mathematics, 
University  of  Tromso. 

Tom.GrydelandCphys.uit.no/Fax:  [+47]  77  64  55  80 

We  present  the  simultaneous  observations  of  strongly  enhanced  ion  spectra  and 
plasma  lines  from  a  Norwegian  Special  programme  EISCAT  experiment  con¬ 
ducted  in  summer  conditions  during  a  sunspot  minimum.  We  believe  the  events 
presented  are  the  first  observations  of  simultaneous  enhancement  of  the  ion 
spectrum  and  the  plasma  lines.  The  observations  are  also  some  of  the  strongest 
enhancements  observed  of  natural  plasma  lines. 

Explanations  in  terms  of  ordinary  enhancement  mechanisms,  i.e.  particle  pre¬ 
cipitation,  photoelectrons  etc.  are  discussed,  as  are  explanations  based  on  dif¬ 
ferent  instabilities  previously  treated  in  the  litterature.  In  particular,  the  pos¬ 
sibility  of  cavitating  Langmuir  turbulence  is  discussed. 


DOPPLER  FREQUENCY  INTERPRETATION  OF  INCOHERENT  SCATTER 
PLASMA  LINES 

P.  Guio 

The  Auroral  Observatory,  University  of  Troms0,  N-9037  Tromsp,  Norway, 
pat  rick@ph.ys  .  uit .  no/Fax:  [447]  77  64  62  80 

In  an  incoherent  scattering  plasma  line  experiment,  the  phase  velocity  of  both  upgoing 
and  downgoing  Langmuir  waves  can  be  estimated.  These  two  phase  velocities  are  the 
high  frequencies  solutions  of  the  plasma  dispersion  relation  for  longitudinal  waves. 
The  moment  expansion  of  this  plasma  dispersion  relation  is  reviewed.  It  is  shown,  in 
particular,  that  only  the  flux  of  the  kinetic  energy  which  is  parallel  to  the  scattering 
direction  has  to  be  accounted.  Up-  and  downshifted  plasma  lines  incoherent  scatter 
data  are  presented  and  the  Doppler  frequency  asymmetry  is  discussed  in  terms  of  the 
heat  flow  contribution  and  the  mean  drift  velocity  contribution. 


METHOD  FOR  RECONSTRUCTION  OF  DRIFT  VELOCITY  FIELD 
IN  IONOSPHERE  BY  SATELLITE  RADIOSOUNDING 

V.D.  Gusev  and  D  V  Kirianov 
Moscow  University,  Department  of  Physics 
atmos@pop .  radio-msu  net 

Methods  of  ionosphere  radiotomography  are  under  intensive  development  in 
plurality  of  recent  works.  According  to  all  of  these  methods  ionosphere  is 
presumed  to  be  at  rest.  In  other  words  the  motion  of  ionosphere  medium 
during  satellite  travel  is  neglected.  However  electron  drifts  considerably  effect 
on  measured  radio  signal  and  consequently  on  reconstruction  results.  By  this 
means  one  can  formulate  another  problem:  determination  of  drift  velocities  by 
ground-based  measurements  of  doppler  shift.  Because  of  Doppler  effect  the 
shift  of  radiosounding  frequency  is  proportional  to  projection  of  electron  drift 
velocity  onto  the  radio  ray  direction.  Discussed  method  is  based  on 
tomography  approach  for  determination  of  drift  velocities  field  in  the  plane  of 
satellite  orbit.  (For  this  reason  the  radio  source  and  receivers  must  be  rather 
stable  and  sensible  o  provide  adequate  precision  of  data.)  To  solve  inverse 
problem  of  reconstruction  of  ionosphere  velocities  field  we  assume 
geometrical  optics  approximation  and  existing  information  about  ionosphere 
electron  density  distribution. 


CLIMATOLOGY  OF  THE  MESOPAUSE  REGION  SEMIDIURNAL  TIDE 
OVER  CENTRAL  AND  EASTERN  EUROPE 

Ch.  Jacobi  (1),  R.  Schminder,  (1),  D.  KUrschner  (2),  P.  Hoffmann  (3),  W.  Singer 
(3),  B.L.  Kashcheyev  (4) ,  A.N.  Oleynikov  (4),  A.N.Fahrutdinova  (5),  R.N. 
Solntsev.(5),  T.V.  Solovjeva  (6)  and  Yu.I.  Portnyagin  (6) 

(1)  Institute  for  Meteorology,  University  of  Leipzig,  (2)  Institute  for  Geophysics 
and  Geology,  University  of  Leipzig,  (3)  Institute  of  Atmospheric  Physics, 
Ktihlungsbom,  (4)  Kharkov  State  Technical  University  of  Radioelectronics,  (5) 
Radiophysics  Department,  Kazan  University,  (6)  Institute  for  Experimental 
Meteorology,  Obninsk 

jacobi@rz.uni-leipzig.de  /  hoffmann@iap-kbom.d400.de  /  ort@khture.kharkov.ua 
/  antonina.fahrutdinova@ksu.ru  /  typhoon@storm.iasnet.com 

Wind  measurements  of  5  European  sites  using  different  systems  (Juliusruh,  MF 
radar,  55°N,  14°E;  Collm,  LF  D1  wind  profiler,  52°N,  15°E;  Kharkov,  meteor 
radar,  50°N,  37°E;  Obninsk,  meteor  radar,  55°N,  37°E;  Kazan,  meteor  radar, 
56®N,  59°E)  are  used  to  set  up  a  climatology  of  the  semidiurnal  tide  in  the 
mesopause  region  over  Central  and  Eastern  Europe  for  the  latitude  range  between 
50°N  and  56°N.  Intercomparison  of  amplitudes  and  phases  generally  shows 
excellent  agreement  of  the  results  from  the  different  measuring  systems.  The 
longitudinal  variation  of  the  semidiurnal  tide  is  small.  The  results  are  compared 
with  an  empirical  model  of  the  semidiurnal  tide. 


NONLINEAR  INTERACTION  OF  PLANETARY  WAVES  AND  TIDES  AS 
SEEN  FROM  MID  LATITUDE  UPPER  MESOSPHERE/LOWER 
THERMOSPHERE  WIND  MEASUREMENTS  AT  COLLM,  GERMANY 
(52°N,  15°E) 

Jacobi,  Ch. 

Institute  for  Meteorology,  University  of  Leipzig 
jacobi  @rz.uni-leipzig.de 

From  daily  estimates  of  the  prevailing  wind  and  the  semidiurnal  tide  in  the  upper 
mesosphere/lower  thermosphere  at  about  95  -  100  km  height  long-term  variations 
at  the  time  scales  of  planetary  wave  periods  can  be  detected.  The  long-term 
measurements  at  the  Collm  Observatory  of  the  University  of  Leipzig,  Germany, 
provide  a  climatology  of  these  waves  as  they  can  be  seen  in  the  oscillations  of  the 
prevailing  wind,  from  measurements  of  the  years  1981  -  1996.  Maximum  variance 
is  generally  found  at  periods  of  more  than  10  days.  Variations  of  the  semidiurnal 
tidal  amplitude  in  the  same  period  range  are  also  found,  that  are  be  due  to  the 
superposition  of  secondary  waves  that  are  originated  by  nonlinear  interaction 
between  the  semidiurnal  tide  and  planetary  waves.  From  regression  analyses  the 
existence  of  these  secondary  waves  is  indicated,  which  supports  this  interpretation. 
A  comparison  of  tidal  and  prevailing  wind  long-period  variability  shows  that 
planetary  waves  are  regularly  connected  with  a  modulation  of  the  tides. 
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THE  POLAR  BLOBS  BY  YAKUT  MERIDIAN AL  CHAIN  IONOSONDE  DATA 

Khalipov  V.L.,  _Stepanov_A.E._,  Zikrach  E.K. 

Institute  of  Cosmophysica!  Research  and  Aeronomy,  Yakutsk,  677891,  Lenin 
Av.,31,  Russia 

E-mail:  ikfia@yacc.yakutia.su;  Fax:  7(4112)445551 

By  ground-based  data  of  Yakut  meridianal  chain  ionosondes  the  signatures  of  the 
polar  blobs  in  nigthside  MLT  sector  are  established.  In  vertical  and  oblique  ionograms 
these  signatures  show  as  follows:  (1)  increased  critical  frequency  of  the  trace  (up  to  12 
MHz),  (2)  fm in-parameter  is  1. 0-1. 5  MHz  and,  (3)  no  sporadical  type  of  the  traces 
from  E-region.  The  seasonal  course  of  the  polar  blob  occurrence  have  been  a 
maximum  during  winter  months. 


THE  STRUCTURE  OF  THE  NIGHT-TIME  IONOSPHERIC  E-REGION  IN 
THE  SUBAURORAL  INTENSE  ELECTRIC  FIELD  STRIP  TAKING  INTO 
ACCOUNT  THE  REAL  TILTE  OF  GEOMAGNETIC  FORCE  LINES 

V.P.Kim  and  V.V.Hegai  (IZMIRANJroitsk,  Moscow  Region,  142092  Russia) 

The  structure  of  the  night  -  time  ionospheric  E-region  in  the  subauroral  intense 
electric  feld  strip  is  numerically  modeling  taking  into  account  the  real  tilte  of  geo¬ 
magnetic  force  lines.  The  calculated  electron  density  distribution  is  substantially 
different  from  the  results  obtained  before  by  Banks  and  Yasuhara  (Geophys.Res. 
Lett.,  5,  p.1047,  1978)  with  assumption  of  vertical  geomagnetic  force  lines.  The 
difference  can  be  up  to  a  factor  of  10. 


THE  MPAE  FABRY-PEROT  INTERFEROMETER  FOR  NEUTRAL 
ATMOSPHERE  AND  IONOSPHERE  INTERACTION  STUDIES  WITH 
EISCAT 

M.  J.  Kosch  (1),  T.  Hagfors  (1),  A.  Kohsiek  (1)  and  D.  Rees  (2) 

(1)  Max-Planck-Institut  fur  Aeronomie  (MPAE),  37191  Katlenburg-Lindau, 
Germany,  (2)  Utah  State  University,  Utah,  USA 
kosch  @  Hnax  1  .mpae.gwdg.de 

The  EISCAT  incoherent-backscatter  radar  system  (KST)  is  capable  of  measuring 
many  ionospheric  parameters.  Neutral  atmospheric  parameters  can  only  be  indirectly 
inferred  using  additional  models  and  assumptions.  Therefore,  it  is  highly  desirable  to 
measure  both  types  of  parameters  simultaneously.  For  the  purpose  of  studying 
ionosphere-atmosphere  interactions,  a  new  Fabry-Perot  interferometer  (FPI)  has 
been  built.  It  is  located  in  Skibotn,  Norway,  about  50  km  from  EISCAT.  The 
instrument  is  capable  of  measuring  line-of-sight  neutral  wind  speeds  and 
temperatures  from  the  Doppler  shift  and  broadening,  respectively,  of  auroral/airglow 
emissions.  Thermospheric  or  mesospheric  measurements  are  made  by  selecting 
different  wavelengths.  Measurements  are  made  automatically  and  continuously  for 
all  dark-sky  periods.  A  study  of  the  neutral  wind  dynamo  effect  on  the  ionospheric 
electric  field  has  been  completed.  Current  work  includes  comparing  neutral  winds 
between  FPIs  at  different  locations,  comparing  neutral  winds  measured  using 
different  emissions,  bi-static  wind  measurements  and  comparing  ion  to  neutral 
temperatures.  Future  studies  include  improved  determination  of  the  ion-neutral 
collision  frequency  and  improving  radar  models  of  the  neutral  wind. 


A  COMPARISON  OF  AURORAL  OPTICAL  IMAGES,  RIOMETER 
ABSORPTION  PATTERNS  AND  EISCAT  RADAR  DATA 

M.  J.  Kosch  m.  F.  Honary  (2),  N.  Stamatiou  (2)  and  T.  Hagfors  (1) 

(1)  Max-Planck-Institut  fur  Aeronomie  (MPAE),  37191  Katlenburg-Lindau, 
Germany,  (2)  Lancaster  University,  UK 
kosch  @  linax  1  .mpae.gwdg.de 

Recordings  of  auroral  emissions  at  557.7  nm  are  made  from  Skibotn,  Norway 
(69.35°  N,  20.36°  E)  using  the  Digital  All-Sky  Imager  (DASI).  The  data  are 
calibrated  and  transformed  into  a  520x520  km  geographic  grid  every  10  s.  The 
images  give  estimates  of  the  precipitation  patterns  of  soft  electrons  (<  10  keV). 
Recordings  of  cosmic  radio  noise  absorption  at  38.2  MHz  are  made  from  Kilpisjarvi, 
Finland  (69.05°  N,  20.79°  E)  using  the  multi-beam  Imaging  Riometer  for  Ionospheric 
Studies  (IRIS).  The  data  are  calibrated  and  transformed  into  a  240x240  km 
rectilinear  grid  every  1  s.  The  images  give  estimates  of  the  precipitation  patterns  of 
hard  electrons  (>  10  keV).  The  EISCAT  incoherent-backscatter  radar  (69.59°  N, 
19.23°  E)  makes  good  measurements  of  the  electron  density  profile  with  altitude 
from  which  estimates  of  the  energy  spectra  of  precipitating  electrons  can  be  made. 
For  the  night  of  13/14  February  1996,  the  morphology  of  optical  emissions  and 
absorption  patterns  is  compared  including,  in  the  common  field-of-view,  the  particle 
energy  spectrum. 


REDUCTION  TECHNIQUE  IN  IONOSPHERE  RADIOSOUNDING 

D.V.  Kirianov  (1)  and  E.N.  Kirianova  (2) 

(1)  Moscow  University,  (2)  Keldysh  Institute  of  Applied  Mathematics,  Russia 
atmos@pop .  radio-msu .  net 

We  present  an  improved  data  processing  technique  for  the  problem  of 
ionosphere  ray  radio  tomography  using  methods  of  mathematical 
interpretation  (mathematical  reduction).  The  existing  methods  of  electron 
density  reconstruction  are  based  chi  solving  the  system  of  linear  equations 
corresponding  to  integrals  over  radio  ray  trajectories  in  ionosphere.  The 
solution  gives  essentially  unbiased  estimate  for  field  of  electron  density. 
However  in  presence  of  high  noise  level  during  measurement  such  solution 
can  be  ineligible.  To  reduce  noise  influence  we  propose  to  construct  biased 
estimate,  The  minimal  bias  (under  certain  conditions)  can  lead  to  significant 
repression  of  noise.  To  construct  linear  matrix  operator  expressing  physical 
model  we  assume  validity  of  geometric  optics  and  existence  of  some  a  priori 
information  about  density  to  be  reconstructed  (predictions  of  electron  density 
profile  and  stochastic  characteristics  of  noise).  The  linearity  of  this  operator  is 
the  main  requirement  for  appliance  of  reduction  technique.  Final  solution  is 
given  as  multiplication  of  several  matrixes  according  to  selected  principle 
(biased  or  unbiased  reduction).  The  results  are  in  ready  form  for  computer 
simulation  or  processing  of  satellite  radiosounding  experimental  data 


COMPARISION  OF  NEUTRAL  AND  ION  PARAMETERS  IN 
THE  HIGH  LATITUDE  E-  AND  F-REGION  OBSERVED  BY  THE 
MPAE-FPI  AND  EISCAT 

A.  Kohsiek.  M.J.  Kosch,  K.  Schlegel 

Max-Planck-Institut  fur  Aeronomie,  Katlenburg-Lindau,  Germany 
kohsiek@linmpi.mpg.de 

During  the  last  winter  season  neutral  winds  and  temperatures  were  measured  in 
the  E-  and  F-region  by  the  MPAE-Fabry-Perot-Interferometer  (FPI)  located 
at  Skibotn,  about  50  km  from  EISCAT.  From  the  observation  of  different,  au¬ 
roral  and  airglow  emission  lines  (630  nm,  557.7  nm  and  843  nm),  parameters 
are  measured  from  different  altitude  ranges  in  the  ionosphere.  Simultaneous 
observations  of  ionospheric  parameters  were 'made  by  EISCAT.  Results  and 
comparisons  from  both  devices  will  be  presented  and  discussed. 
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THE  TECHNOLOGY  OF  SIGNAL  AND  DATA  PROCESSING  IN 
MODERN  DIGITAL  IONOSONDE. 

V.V.Koltsov  and  A.L.Karpenko 

Institute  of  Terrestrial  Magnetism,  Ionosphere  and  Radio  Wave  Propagation, 
Russian  Academy  of  sciences  (IZMIRAN);  Troitsk,  Moscow  region,  142092, 
Russia. 

karpenkottop.izaiiran.troitsk.ru/Fax:  [+7]  095-3340908 

The  modern  technology  of  digital  signal  processing  and  methods  of  sounding 
data  processing  are  realized  in  Russian  new  generation  of  digital  ionosondes. 
They  open  new  opportunities  in  the  diagnostics  of  middle-scaled,  as  well  as 
small-scaled  inhomogeneuities  of  ionosphere’s  plasma  in  the  interval  of  heights 
from  100  up  to  500  km.  The  methods  of  signal  and  data  processing  into  time- 
domain  region  are  considered.  They  are  based  on  use  of  results  of  monostatic 
radio  sounding.  Special  attention  is  attended  to  joint  estimation  of  Doppler 
shift  of  coherent  component  of  a  signal  and  relative  intensity  incoherent  com¬ 
ponent.  It  is  marked,  that  the  detection  and  estimation  of  the  spatial  and  time 
scales  of  inhomogeneuities  in  various  intervals  of  heights  of  ionosphere  requires 
application  of  various  modes  and  characteristics  of  radio  sounding  as  well  as 
methods  of  spectral-correlation  analysis  appropriate  to  them. 


RADIOPHYSICS  INVESTIGATIONS  OF  IONOSPHERIC  DIS¬ 
TURBANCES  CAUSED  BY  OPERATED  GROUND-BASED 
ACOUSTIC  RADIATION. 

V.  Koshovy  and  O.  Ivantyshyn,  A.  Lozynsky.  Y.  Romanchev. 

Karpenko  Physico-Mechanical  Institute,  Lviv,  Ukraine.. 
koshovyOah.ipm.lviv.ua 

This  report  is  devoted  to  the  experiment  of  local  ionosphere  disturbances  by 
low-frequency  (LW)  atmospheric  acoustic  waves  (A AW)  radiated  by  special 
operated  based-ground  acoustic  generator  (GAG).  Discovering  and  investiga¬ 
tion  of  ionosphere  responses  has  been  fulfilled  by  ground-based  radiophysical 
instrumentation  on  base  of  decameter  radiotelescope  URAN-3  (Lviv,  Ukraine). 
The  following  distant  ionosphere  diagnostic  physical  method's  ware  realized: 
radiotwinkles  method  during  cosmic  radiosources  observation,  methods  of  one- 
jumped  inclined  sounding  of  ionosphere  and  volume  scattering  on  ionosphere 
plasma  by  radio  waves  of  ground-based  S.W. radio  stations.  It  is  shown  exper¬ 
imentally  possibility  of  the  excitement  of  the  ionosphere  by  acoustical  energy 
approximately  2*  lO”  J  on  earth’s  surface.  It  is  shown  also  that  in  the  process  of 
acoustical-electromagnetic  interaction  different  physical  mechanism  takes  place. 
Such  as:  shaping  of  artificial  ionosphere  turbulence  with  selffocusing  properties, 
increase  of  the  transparency  of  the  ionosphere  for  cosmic  radio  waves  caused  by 
LW  AAW,  AAW  transformation  in  plasma  waves  by  their  synchronizing,  etc. 
Obtained  result  opens  a  new  possibilities  of  physics  modeling  of  the  acoustic 
channel  of  lithosphere  -  atmosphere  -  ionosphere  connections  by  ground  means. 


HST  DETECTION  OF  TERRESTRIAL  DEUTERIUM 

Vladimir  A.  Krasnopolskv  (CUA/NASA  GSFC,  Greenbelt,  USA) 

VKras@  Iepvx3  .gsfc  .nasa.gov 

We  observed  Mars  at  1212-1218  A  with  resolution  of  0.07  A  during 
1.57*  1 04  s  using  the  HST  Goddard  high-resolution  spectrograph.  The 
observation  revealed  both  Mars’  and  Earth’s  D  Ly-a  lines.  The  telluric  line 
zenith  intensity  is  17  ±  6  R  (Rayleighs)  at  600  km.  To  reproduce  the 
measurement,  we  construct  a  model  with  [HD]  =  1.2*  105  cm’3  and  [D]  = 
7.2*  104  cm’3  at  the  lower  boundary  of  90  km.  These  values  are  obtained 
from  the  H2  and  H  densities  in  Allen  et  al.  {JGR  89,  4841,  1984)  and  the 
HD/H2  and  D/H  enrichments  relative  to  HDO/H,0  in  Yung  et  al.  {Icarus 
76,  146,  1988).  HD  forms  D  in  reactions  with  O,  0\  and  O('D).  Effusion 
(escape)  velocity  V  is  the  model  parameter.  The  calculated  intensity  is  246 
R  for  V~  0.008  cm/s  (thermal  escape  at  solar  minimum,  FI07cm  =  70,  T- 
736  K)  and  agrees  with  the  measured  value  for  the  nonthermal  escape 
velocity  of  V  -  125  ±  25  cm/s.  We  applied  our  model  to  the  previous 
detections  of  deuterium  by  Bertaux  et  al.  {Nature  309,  771,  1984;  GRl  20, 
507,  1993)  using  deuterium  absorption  cells,  and  found  V  *  300  cm/s  for 
the  conditions  of  their  observations  in  1983.  Our  model  for  hydrogen 
agrees  with  the  OSO-5  and  AE  measurements  at  solar  minimum  for  V  = 

800  cm/s  which  exceeds  the  thermal  escape  velocity  by  an  order  of 
magnitude  and  results  in  the  hydrogen  escape  rate  of  2.6*  108  cm’V1  . 


METHODS  OF  THE  NEARSPACE  ENVIRONMENT  TOMOGRAPHY 

V.E.Kunitsyn,  E.S.Andreeva,  O.G.Razinkov,  V.I.Zakharov 
(Phys  Faculty,  Moscow  State  Univers.,  1 19899,  Russia ) 

Modem  tomographic  and  occultation  technique  for  ionospheric/  atmospheric  profiling 
has  essential  limitations.  In  many  cases  distant  complicated  troponosphere  and 
ionosphere  structures  (in  particular,  layer  formations,  troughs,  wave  disturbations,  etc.) 
influence  greatly  reconstructed  pro fi lies.  A  variant  of  atmosphere-ionosphere 
tomography  using  GPS/GLONASS  and  the  network  of  ground-based  receivers  is 
considered.  It  is  necessary  to  take  into  account  temporal  variations  of  atmosphere  and 
ionosphere  because  of  small  angular  satellite  velocity.  Using  the  network  of 
ground-based  receivers  improves  the  horizontal  resolution  and  the  accuracy  of 
reconstructed  vertical  profiles.  Two-level  satellite  tomography  variant  has  more 
opportunities.  It  is  reasonable  to  use  2-3  frequencies  of  receiver-transmitter  systems  in 
the  range  of  150-800  MHz.  for  realization  of  Atmosphere  -  Ionosphere  - 
Protonosphere  tomography.  The  computer  simulation  results  showed  that  the  receivers 
spaced  by  hundreds  of  kilometers  are  sufficient  for  most  of  practical  problems. 


SEISMO-IONOSPHERIC  EFFECTS  UNDER  THE  INFLUENCE 
OF  THE  POWER  SEISMOVIBRATOR  TO  THE  LITHOSPHERE 

V.  V.  Kuznetsov,  S.  Y.  Khomutov,  V.  V.  Plotkin,  O.  E.  Grekhov,  A.  F. 
Pavlov  and  A.  N.  Fedorov 

Institute  of  Geophysics  SB  RAS,  University  av.,  3,  Novosibirsk,  Russia  630090. 
kuzCuiggm.nsc.ru 

The  synchronous  disturbances  on  the  ionosphere  were  registered  by  the  doppler 
sounding  at  the  "Klyuchi”  station  (Institute  of  geophysics,  Novosibirsk)  when 
the  seismic  vibrator  with  100  tons  force  amplitude  mounted  at  the  "Bistro- 
vka*‘  testing  area  of  Siberian  Branch  of  SB  RAS  (Novosibirsk)  is  operated. 
The  vibrator  generated  the  seismic  oscillations  in  the  sweep-mode  with  the 
frequency  change  from  6  to  9  Hz  during  about  45  min.  The  observed  distur¬ 
bances  appeared  as  a  outside  frequencies  in  the  doppler  spectrum.  They  drifted 
synchronously  with  seismic  sweep-signal  frequency  with  some  time  delay.  The 
effect  was  noted  during  the  daytime  using  the  reflections  from  stable  E-tayer  on 
the  height  about  100  km.  It  was  absent  during  the  night  when  the  radioreflec¬ 
tions  are  obtained  for  the  sporadic  Es-  and  F-layers.  The  distance  between  the 
ionosonde  and  vibrator  is  amount  to  about  50  km.  The  time  delay  between  the 
initial  sweep-signal  and  the  its  corresponding  appearance  in  the  ionosphere  is 
estimated  to  7-8  minutes.  This  is  agreed  with  the  time  interval  of  the  acoustic 
signal  propagation  to  the  radioreflection  heights.  It  is  noted  that  the  similar  in- 
frasonic  and  seismic  sweep-signals  were  detected  by  the  ground  measurements 
at  the  MKlyuchi”  station. 


ON  THE  PLASMA  IRREGULARITIES  GENERATED  BY  NEUTRAL  AIR 
TURBULENCE  IN  THE  LOWER  IONOSPHERE 

Yu.V.  Kyzyurov  (Main  Astronomical  Observatory  Kiev-22,  252650,  Ukraine; 
kyzyurov@mao.kiev.ua) 

Plasma  density  fluctuations  can  be  produced  in  the  lower  ionosphere  as  a  result  of 
turbulent  motions  of  non-ionized  gas  in  which  a  dilute  quasi-neutral  plasma  is 
submerged.  In  the  present  report  such  a  situation  is  treated  by  use  of  the  system  of 
3-fluid  equations.  From  this  system  an  equation  relating  the  plasma  density 
fluctuations  with  the  turbulent  velocity  field  of  neutrals  is  derived  taking  into  account 
the  conditions  of  lower  ionosphere.  To  obtain  an  expression  for  the  fluctuation 
spectrum  the  method  of  renormalized  perturbation  theory  is  applied.  The  obtained 
expression  shows  that  the  spectrum  of  irregularities  is  close  to  the  Kolmogorov- type 
power  law  although  some  departures  from  a  simple  power  law  with  a  constant  power 
index  may  exist.  The  rms  density  fluctuation  level  predicted  theoretically  is  in  fairly 
good  agreement  with  the  observed  values. 
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PREDICTOR  SCHEME  FOR  THE  EISCAT  DATA  PROCESSING 


Vertical  phase  and  group  velocities  of  ionospheric  gravity  waves  derived  from 
ionograms 


J.  LilenstenfD.  E.  Moisan(l),  C.  Lathuillere(l),  B.  Pibaret(l),  W.  Kofman  (l) 

(1)  SGEP-CEPHAG,  France 

Jean.Lilensten@cephag.mpg.fr/Fax  :  33  4  76  82  62  52 

Through  a  statistical  study,  we  have  recently  shown  that  the  EISCAT  data 
may  be  well  described  with  an  Auto  Regressive  filter.  The  electron  density 
as  well  as  electron  and  ion  temperatures  can  then  be  one-step  predicted,  with 
a  full  time/height  profile  analysis.  This  scheme  is  now  used  in  order  to 
deduce  the  ion  composition  from  the  measurements.  At  each  dump,  a 
parameter  amongst  Ne,  Te,  Ti  or  composition  is  predicted,  while  the  others 
are  fitted.  Step  after  step,  the  predicted  parameters  keeps  changing.  This 
method  is  discussed  and  results  are  shown  in  different  solar  and  magnetic 
conditions,  and  compared  to  the  standard  analysis  and  to  different  models  of 
ion  composition. 


J.  Y.  Liu  (1,2),  C.  C.  Shiao  (3),  L.  C.  Tsai  (2,  l),  C  H.  Liu  (1),  F.  S.  Kuo  (1),  H.  Y. 
Lue(3)andC.  M.  Huang  (I)  _  _  , 

(l)  Institute  of  Space  Science  National  Central  University,  (2)  Center  for  Space  and 
Remote  Sensing  Research,  National  Central  University,  (3)  Department  of  Physics, 
Fu-Jen  University 

jyliu@jupiter.ss.ncu.edu.tw/Fax:+886-3-4224394 

A  procedure  is  developed  to  derive  the  vertical  phase  and  group  velocities  of  waves 
from  measurements  of  ionogram.  We  apply  the  developed  procedure  to  a  sequence  of 
ionograms  recorded  by  the  digisonde  portable  sounder  in  Taiwan  and  find  numerous 
waves  occurring  in  the  ionosphere  during  the  solar  ellipse  of  24  October  1995.  A 
detailed  analysis  of  an  87-minute  period  wave  shows  that  the  vertical  phase  velocities 
of  the  wave  below  and  above  the  FI  ledge  are  about  100  m/s  in  the  downward  and 
upward  directions,  respectively.  The  associated  group  velocities  below  and  above  the 
ledge  are  found  to  be  about  10  m/s  in  the  downward  and  upward  directions, 
respectively,  which  indicates  that  during  the  solar  eclipse  the  wave  source  is  near  the 
FI -ledge. 


ELECTRON  AND  ION  TEMPERATURES  DEPENDANCE  OF  THE 
ELECTRIC  FIELD  ABOVE  EISCAT  OVER  A  FULL  SOLAR  CYCLE 

LUlensten(l), O.  Witasse (1) 

(I)  SGEP-CEPHAG,  France 

Jean.Lilensten@cephag.inpg.fr/Fax  :  33  4  76  82  62  52 

Eleven  years  of  common  and  special  EISCAT  experiments  have  been 
processed  in  order  to  deduce  the  behavior  of  the  electric  field;  Indeed,  this 
parameter  is  not  always  measured,  and  is  often  needed  for  the 
comprehension  of  the  ionosphere.  We  show  the  correlation  between  the 
electric  field  and  different  parameters,  densities  or  temperatures  at  different 
height.  We  then  show  that  the  more  pertinent  parameter  correlated  to  the 
electric  field  is  the  difference  between  ion  and  electron  temperature  at  130 
km,  and  propose  a  simple  fitted  law  in  order  to  estimate  the  electric  field 
(when  not  measured)  from  this  difference. 


VHF  radar  and  MF/HF  dynasonde  observations  during  Polar  MeS0SPhcre 
Summer  Echo  conditions  at  EISCAT 

J.Y.  Liu  (1),  J.  Rottger  (2),  C.J.  Pan  (1),  C.H.  Liu  (I),  M.T.  Rietveld  (2)  and  C.  C.  Lee 

(1)  Institute  of  Space  Science,  National  Central  University,  (2)  EISCAT  Scientific 
Association 

jyliu@jupiter.ss.ncu.edu.tw/Fax:+886-3-4224394 

The  EISCAT  VHF  radar  (224  MHz)  and  the  EISCAT  dynasonde  (1-10  MHz)  were 
operated  simultaneously  during  a  polar  mesosphere  summer  echo  (PMSE)  event  on  22 
June  1994.  We  investigate  the  echo  characteristics  revealed  by  these  two  instruments. 
The  antenna  of  the  VHF  radar  was  set  10!  off  zenith  to  the  north  for  both  transmission 
and  receiving,  while  the  dynasonde  was  operated  with  vertical  beam  to  obtain 
ionograms  every  3  minutes.  The  range-time  intensity  variation  of  the  VHF  radar 
PMSE  is  studied,  which  is  characterized  layered  structures.  The  intensity  profiles  are 
quite  intermittent  which  shows  similarity  to  the  echoes  recorded  by  the  dynasonde.  To 
study  the  ionospheric  condition  with  the  dynasonde,  the  parameters  of  signal-to-noise 
ratio,  echo  frequency,  echo  polarization,  echo  location,  and  Doppler  velocity  are 
presented.  Variations  in  the  parameters  demonstrate  that  during  PMSE  conditions, 
echoes  of  the  dynasonde  are  mainly  attributed  by  reflection  of  many  small 
irregularities  within  the  observed  ionospheric  volume. 


AURORAL  THERMOSPHERE  HEATING  AND  ELECTRON  DENSITY 
DEPLETION  IN  THE  F-REGION  AT  HIGH-  AND  MID-  LATITUDES 
DURING  TWO  INTENSE  MAGNETIC  STORMS 

S.  Y.  Ma  (1),  H.  X.  Liu  (I),  K.  Schlegel  (2),  J.  S.  Xu  (1) 

(1)  Dept,  of  Space  Physics,  Wuhan  University,  Wuhan  430072,  China, 

(2)  Max-Planck-Institut  fuer  Aeronomie,  D-37189  Katlcnburg-Lindau,  Germany 

With  the  help  of  combined  EISCAT  and  ionosonde  network  data,  a  comprehensive 
analysis  was  made  to  investigate  electron  density  depletion  in  the  auroral  F-region 
and  ionospheric  negative  storm  effects  at  mid-latitudes  associated  wkh  auroral 
thermosphere  heating  during  two  intense  magnetic  storms.  The  storms  occurred  at 
spring  equinox  (min.Dst<-135nT)  and  near  summer  solstice  (min.Dst<-145nT)  in 
1990.  The  time  and  height- integrated  Joule  heating  during  the  storms  over  the 
EISCAT  site  was  about  2100  J/mA2  for  the  former  and  about  4300  J/mA2  for  the 
latter.  The  negative  storm  in  June  at  latitudes  of  38-63  N  in  the  European  sector 
showed  two  discrete  patterns,  related  to  two  distinct  periods  of  strong  heating  during 
the  initial  and  main  phase  of  the  storm.  The  maximum  of  the  negative  phase 
appeared  6-7  hours  later  than  the  maximum  auroral  heating,  while  the  depletion  of 
Ne  in  the  auroral  upper  F-region  reached  its,  maximum  just  about  10  minutes  after 
the  maximum  Joule  heating.  For  the  March  storm,  mid-latitude  F-region  negative 
storm  effects  are  seen  at  the  European  and  the  West-Asian  sectors;  while  no  such 
negative  effects  are  found  for  the  East-Asian  sector  in  the  northern  hemisphere. 


COUPLING  BETWEEN  TEMPORAL  AND  SPATIAL  SCALES 
AND  MODELING  DISTURBANCES  CAUSED  BY  EXTERNAL 
ELECTRIC  FIELD  IN  THE  LOWER  IONOSPHERE 

S.  I.  Martynenko  (1) 

(1)  Kharkiv  State  University,  Kharkiv,  Ukraine. 

Sergey . I . Martynenko<hiniver . kharkov . ua 

Relations  between  characteristic  time  and  space  scales  of  disturbances  in  an 
ionospheric  plasma  are  obtained  in  a  matrix  form.  All  processes  can  be  clas¬ 
sified  as  time,  space  and  space-time  ones,  therefore  the  use  of  the  matrix  rep-, 
resentation  of  relations  between  characteristic  time  and  space  scales  permits 
essentially  to  simplify  the  construction  and  analysis  of  models  for  a  wide  class 
of  phenomenon.  A  dynamic  model  of  disturbances  in  the  ionospheric  D  region 
caused  by  strong  quasi-stationary  atmospheric  electric  fields  is  obtained  using 
both  the  matrix  relationship  between  time  and  space  scales  and  the  methodjrf 
multiple  caling  analysis.  The  author  has  been  supported  by  UNTC  Grant  471. 


C  845 


ON  THE  INVOLVMENT  OF  SCHUMANN  RESONANCES  IN 
HIGH  LATITUDES  PLASMA  STRUCTURING 

A.  Masson  (1),  F.  Lefeuvre,  D.  Lagoutte  and  J.L  Rauch  (I)  and  Z.Yu  Zhao  (2) 
(1)  Laboratoire  de  Physique  et  Chimie  de  1’Environnement,  3 A  av  de  la 
recherche  scientifique,  Orleans,  FRANCE  ,  (2)  Wuhan  University,  China. 
nassonOcnrs-orleans.fr/Fax:  +33.2.38.63.12.34 

Simultaneous  measurements  of  electron  density  and  ELF  electric  field  by  the 
AUREOL  3  satellite  have  allowed  Cerisier  et  al.  (1985)  to  point  out  the  ex¬ 
istence  of  medium  scale  density  irregularities  in  the  high-latitudes  topside  F 
region  and  to  establish  the  role  of  the  gradient  drift  instability  in  the  plasma 
structuring.  Detailed  analyses  of  the  same  data  show:  first,  that  peaks  in  the 
power  spectra  of  the  electric  field  components  are  seen  at  the  Schumann  res¬ 
onance  frequencies,  second  that  the  harmonics  are  associated  with  positive 
electron  density  gradients,  and  third  that  the  resonances  are  in  quadratic  in¬ 
teraction  with  a  5.85  Hz  power  peak  present  in  the  electron  density  fluctuations. 


PERCOLATION  MODEL  OF  F2  LAYER  CRITICAL 
FREQUENCY. 

S.F.  Mirkotan,  V.A.  Pancheluga 
(Atmos.  Div.,  Phys.  Dep.,  MSU,  Moscow,  1 17234,  Russia). 

A  model  of  an  interaction  process  of  a  probing  radioimpulse  with 
irregular  plasma  near  F2  layer  maximum  has  been  created  as  a 
percolation  transition.  In  it  an  electronic  concentration 
distribution  Nfr,t)  near  critical  frequency  fc  (a  form,  an  orientation 
and  dynamics  of  irregularities  during  an  experiment)  has  been 
modeled.  A  condition  of  reflection  n=0  is  determined  for  each 
radioimpulse  spectrum  frequency  S(f),  as  well  as  a  lattice  cell 
dimension,  proportionate  to  wave  length.  A  lattice  cell  is  considered 
to  be  occupated,  if  N  (r,  t)-No7  where  No  is  an  electron  concentration 
at  n=0.  The  presence  of  connecting  claster  is  determined  by  renorm- 
group  method.  Frequency,  corresponding  to  the  first  connecting 
claster  occurrence  for  given  N(rj)  is  considered  the  layer  critical 
frequency.  The  analysis  fc  from  numerical  experiment  has  shown  the 
good  agreement  with  earlier  received  experimental  data.  This  model 
using  allows  also  to  receive  the  information  about  electronic  con¬ 
centration  irregularities  with  the  help  of  experimental  registrations^. 


PROPAGATION  OF  PLANETARY  WAVES  INTO  THE 
THERMOSPHERE  AND  IONOSPHERE  -  A  MODELLING  STUDY 

I.C.F.  Mflller-Wodarg 

Atmospheric  Physics  Laboratory,  University  College  London 
ingo@apg.ph.ucl.ac.uk /Fax:  +44-171-380  7161 

Numerous  measurements  have  found  signatures  of  planetary  waves  in  the 
ionospheric  F-layer,  while  measurements  in  the  neutral  atmosphere  often 
suggest  such  waves  to  propagate  only  to  altitudes  below  around  200  km.  A 
modelling  study  is  presented  which  uses  the  3-dimensional  time-dependent 
Coupled  Thermosphere-Ionosphere  Model  (CTIP)  of  University  College 
London,  Sheffield  University  and  the  Space  Environment  Center  Boulder 
(Colorado).  Mechanisms  are  analyzed  by  which  planetary  waves  can 
propagate  into  the  ionosphere.  In  particular,  the  importance  of  modulated 
tides  is  investigated. 


PRODUCTION  OF  METASTABLE  HELIUM  IN  THE  THERMO¬ 
SPHERE  BY  HE+  RECOMBINATION 

John  Noto  (1),  R.B.  Kerr  (I),  W.  J.  Schneller  (1),  R.J.  Rudy  (2)  and  J.H. 
Hecht  (2) 

(1)  Scientific  Solutions  Inc.,  Medford  MA.,  02155  USA,  (2)  Space  and  Envi¬ 
ronmental  Technology  Center,  Aerospace  Corporation,  Los  Angeles  CA.  90009 
USA. 

Observations  of  the  metastable  helium  emission,  1.0830/r,  have  been  made  at 
the  optical  facilites  at  the  Millstone  Hill  Incoherent  Scatter  Radar  site  and  the 
Arecibo  Observatory  over  the  last  three  years.  The  data  indicate  an  increase  of 
temperature  with  shadow  height.  Tempertures  much  greater  than  commonly 
ascribed  to  the  near  solar  minimum  thermosphere  have  been  observed.  This 
suggests  the  temperature  of  the  emitting  population  is  greater  than  the  tem¬ 
perature  expected  of  neutral  helium,  approaching  the  temperature  of  the  helium 
ions. 

This  can  be  explained  only  if  the  recombination  of  ionized  helium  plays  a  larger 
role  in  the  production  of  metastable  helium  in  the  thermosphere  than  current 
models  indicate. 

Data  is  presented  from  three  different  campaigns  (two  from  Millstone  and  one 
from  Arecibo)  demonstrating  the  increase  of  temperature  with  shadow  height. 
Metastable  helium  densities  are  derived  from  He+  densities  from  both  Inco¬ 
herent  Scatter  Radar  observations  and  the  FLIP  and  IRI90  models  when  radar 
data  is  unavailable.  These  calculations  demostrate  the  plausibility  of  He-f  re¬ 
combination  as  a  significant  source  of  hot,  metastable  helium. 


THE  QUASI-TWO-DAY  WAVE  IN  THE  THERMOSPHERE:  A 
STUDY  USING  THE  TIME-GCM 

S.  E.  Palo  (I)  and  R.  G.  Roble  (2) 

(1)  University  of  Colorado,  Department  of  Aerospace  Engineering,  Boulder, 
CO,  USA  80309-0429,  (2)  National  Center  for  Atmospheric  Research,  High 
Altitude  Observatory,  Boulder,  CO  USA  80307. 

The  quasi- two-day  wave  is  a  global-scale  oscillation  typically  observed  in  the 
middle  atmosphere  horizontal  wind  and  temperature  fields  near  the  solstices. 
Both  ground  and  satellite  based  observations,  of  the  quasi-two-day  wave,  indi¬ 
cate  that  the  quasi-two-day  wave  is  a  westward  propagating  disturbance  with 
a  period  near  48  hours  and  a  zonal  wave  number  of  three.  Theoretical  results 
have  indicated  that  the  quasi  two-day  wave  may  be  a  manifestation  of  the 
(3,0)  Rossby  normal  mode  in  a  linearized,  windless,  isothermal  atmosphere. 
Based  on  these  theoretical  results  we  have  performed  a  numerical  experiment 
using  the  NCAR  Thermosphere-Ionosphere-Mesosphere-Electrodvnamics  gen¬ 
eral  circulation  model  (TIME-GCM).  The  TIME-GCM  is  a  three-dimensional 
self  consistent  first  principles  model  with  a  domain  spanning  from  30  to  800  km. 
For  the  purpose  of  this  experiment  we  have  run  two  cases.  In  the  first  case  the 
quasi-two-day  wave  was  included  at  the  lower  boundary  of  the  TIME-GCM 
(30  km)  in  the  geopotential  height  field  as  the  (3,0)  Rossby  normal  mode.  In 
the  second  "control”  case  the  quasi-two-day  wave  was  not  included  at  the  lower 
boundary.  A  comparison  of  the  results  for  the  two  cases  will  be  presented  for 
the  thermosphere  with  an  emphasis  on  the  latitudinal/height  structure  of  the 
quasi- two-day  wave. 


NEW  ELECTRON  ENERGY  TRANSFER  AND  COOLING  RATES  BY 
EXCITATION  OF  N2  AND  02 

A.V.Pavlov  (Institute  of  Terrestrial  Magnetism,  Ionosphere  and  Radio- Wave 
Propagation,  Russia  Academy  of  Science,  Troitsk,  Moscow  Region,  142092, 
Russia) 


The  electron  energy  transfer  and  cooling  rates  by  vibrational  excitation  of  N2  and  02 
have  been  calculated  and  fitted  to  new  analytical  expressions  as  functions  of  the 
electron  temperature  by  use  the  revised  vibrationally  excited  cross  sections.  These 
new  analytical  expressions  available  to  the  researcher  for  quick  reference  and 
accurate  computer  modeling  with  a  minimum  of  calculations.  The  new  O,  (v)  rates 
are  up  to  a  factor  of  5-18  larger  than  those  of  Prasad  and  Furman  (J.  Geophys.  Res., 
78,  6701-6707,1973).  The  difference  between  the  new  electron  cooling  rate  due  to 
N2(v)  and  those  of  Stubbe  and  Vamum  ( Planet .  Space  Sci  ,  20,  1 121-1 126,1972)  is 
up  to  a  factor  of  1.7.  We  have  shown  that  the  vibrational  levels  v=l-4  (02 )  and  v=l- 
7  (N,)  are  enough  to  calculate  the  02  (v)  and  N2  (v)  electron  cooling"  rates.  Our 
results  provide  sufficient  evidence  to  neglect  the  effects  of  the  excitation  of  the  a*A 
and  b  Eg  electronic  states  of  02  with  thermal  electrons  on  the  calculation  of  the 
electron  temperature.  It  is  also  shown  that  the  currently  accepted  rate  of  electron 
energy  loss  associated  with  rotational  transitions  in  O,  must  be  decreased  by  a  factor 
of  13  and  electron  energy  loss  associated  with  rotational  transitions  in  N,  must  be 
multiplied  by  a  factor  of  1.255. 
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ANOMALOUS  ELECTRON  DENSITY  EVENTS  IN  THE  QUIET  SUMMER 
IONOSPHERE  AT  SOLAR  MINIMUM  OVER  MILLSTONE  HILL 

A  V-Pavlov  (Institute  of  Terrestrial  Magnetism,  Ionosphere  and  Radio- Wave 
Propagation,  Russia  Academy  of  Science,  Troitsk,  Moscow  Region,  142092, 
Russia),  M.  J.  Buonsanto  (Haystack  Observatory,  Massachusetts  Institute  of 
Technology,  Westford,  MA  01886) 

This  paper  compares  the  observed  behavior  of  the  F  region  ionosphere  over 
Millstone  Hill  with  calculations  of  the  IZMIRAN  time-dependent  mathematical 
model  of  the  Earth's  ionosphere  and  plasmasphere  for  solar  minimum  for  the 
magnetically  quiet  period  June  23-25,  1986,  when  anomalously  low  values  of  hmF2 
(<  200  km)  were  observed  (seen  as  a  G  condition  on  ionograms).  The  IZMIRAN 
model  was  unable  to  reproduce  these  anomalously  ionospheric  electron  density 
altitude  profile  when  unadjusted  MSIS-86  model  densities  were  used,  or  when  the 
MSIS-86  N2  and  02  densities  were  increased  by  a  factor  of  2,  or  due  to  the  effect  of 
vibrationally  excited  NO+  ions  on  electron  densities  (which  is  found  to  be 
negligible).  We  found  that  these  low  values  of  hmF2  exist  in  the  ionosphere  due  to 
a  decrease  by  a  factor  of  1.6  production  rates  of  oxygen  ions  resulting  from  low 
values  of  atomic  oxygen  density.  Large  errors  were  found  at  times  in  electron  and 
ion  temperatures,  and  hmF2  data  derived  using  the  standard  Millstone  Hill  ion 
composition  model,  due  to  the  large  percentage  of  molecular  ions  found  above  1 80 
km.  Results  show  that  determination  of  a  G  condition  using  incoherent  scatter  radar 
data  is  sensitive  both  to  the  true  concentration  of  0*  relative  to  the  molecular  ions, 
and  to  the  ion  composition  model  assumed  in  the  data  reduction  process. 


EVALUATION  OF  THE  EFFECT  OF  THE  NEUTRAL  WINDS 
ON  THE  INNER  MAGNETOSPHERIC  CONVECTION  WITH 
A  MAGNETOSPHERE-THERMOSPHERE-IONOSPHERE- 

ELECTRODYMANICS  GENERAL-CIRCULATION  MODEL 

C.  Peymirat  (1),  A.  D.  Richmond  (2),  B.  A.  Emery  (2)  and  R.  G.  Roble  (2) 
(1)  CETP-UVSQ,  10-12  Avenue  de  l’Europe,  78140  Velizy,  France,  (2)  HAO- 
NCAR,  P.O.  Box  3000,  Boulder,  Co  80307-3000,  USA. 
peymiratOcetp.ipsl.fr/Fax:  [33]  1  39  25  49  22 

We  coupled  the  Ionosphere- Magnetosphere  Model  of  Peymirat  and  Fontaine 
(JGR,  11155, 1994)  to  the  Thermosphere-Ionosphere-Electrodymanics  General- 
Circulation  Model  of  Richmond  et  al.  (GRL,  601,  1992).  This  new  model  has 
the  capability  to  calculate  the  three-dimensional  structure  of  the  thermosphere 
and  the  ionosphere,  the  two-dimensional  inner  magnetospheric  plasma  convec¬ 
tion  in  the  equatorial  plane  of  the  magnetosphere,  and  the  couplings  between 
these  three  regions.  A  dipole  magnetic  field  is  used  in  the  magnetosphere.  We 
ran  the  model  for  solar  maximum  conditions  and  moderate  magnetic  activity 
where  the  electric  field  is  imposed  in  the  polar  cap  but  calculated  everywhere 
else,  to  study  the  effect  of  the  neutral  winds  on  the  electrodynamic  couplings 
occuring  at  high  latitudes.  The  neutral  winds  increase  the  meridional  compo¬ 
nent  and  decrease  the  zonal  component  of  the  electric  field,  corresponding  to 
an  enhancement  of  the  shielding  effect  by  10  %.  The  Region-2  field  aligned 
currents  present  smaller  modifications  suggesting  that  the  magnetosphere  acts 
partly  as  a  current  generator.  The  results  could  be  different  if  the  polar  cap 
electric  potential  was  allowed  to  change  due  to  the  neutral  winds. 


INFLUENCE  OF  THE  GLOBAL  THUNDERSTORM  ACTIVITY 
ON  THE  ELECTRIC  FIELDS  IN  THE  IONOSPHERE 

V.  V.  Plotkin 

Institute  of  Geophysics  SB  RAS,  University  av.,  3,  Novosibirsk,  Russia  630090. 
plotkinCuiggm .nsc.ru 

The  large-scale  electric  fields  exited  by  the  world  thunderstorms  are  calculated 
by  means  of  the  model  of  the  spherically  symmetrical  atmosphere.  Contrary 
to  the  models  of  the  global  atmospheric  electric  circuit  with  the  equipotential 
electrosphere,  here  we  have  taken  in  account  that  on  the  ionospheric  heights 
the  field-aligned  component  of  the  exited  electric  field  tends  to  zero  because  of 
the  high  conductivity  of  medium  along  the  geomagnetic  lines.  The  appearance 
of  the  regions  of  the  large-scale  spheric  harmonics  of  potential  with  quasicon¬ 
stant  (on  the  altitude)  amplitude  is  connected  with  this  circumstance.  This 
weakens  the  attenuation  (with  the  altitude)  of  the  global  fields  of  the  thunder¬ 
storm  sources  in  the  ionosphere  which  is  not  the  equipotential  surface  for  the 
atmospheric  electric  fields.  Using  the  suitable  upper  boundary  condition,  we 
have  investigated  the  possible  non-equipotentiality  of  the  ionosphere  and  we 
have  estimated  the  electric  fields  penetrating  into  ionosphere  from  the  bottom. 
In  particular,  it  is  shown  that  the  horizontal  components  of  the  electric  field 
can  reach  the  magnitude  about  1  mV/ni  in  the  ionosphere. 


ELECTRON  DENSITY  SIGNATURES  OF  HIGH-LATITUDE  PLASMA 
PROCESSES 

S.E.  Prvse,  L.  Kersley,  A.M.  Smith,  C.N.  Mitchell  and  S.T.  Berry 
Department  of  Physics,  University  of  Wales  Aberystwyth,  Penglais, 
Aberystwyth,  Ceredigion  SY23  3BZ,  U.K.. 
sep@aber.ac.uk 

A  chain  of  four  satellite  receivers  at  Ny-Alesund,  Longyearbyen,  Bjomoya 
and  Tromso  is  used  to  monitor  radio  signals  from  the  former  navigational 
satellite  system  on  routine  basis  to  provide  tomographic  images  of  the 
ionospheric  electron  density.  The  spatial  distributions  reveal  ionospheric 
signatures  of  fundamental  plasma  processes,  including  magnetopause 
reconnection  and  auroral  precipitation,  and  show  the  presence  of  features 
characteristic  of  the  high-latitude  ionosphere  including  the  cusp,  dayside 
trough  and  polar  hole.  Results  are  presented  highlighting  the  unique  ability 
of  this  technique  to  image  the  ionosphere  over  an  extended  latitudinal  region, 
spanning  from  the  auroral  zone  into  the  polar  cap  and  covering  the  viewing 
area  of  the  EISCAT  and  ESR  incoherent  scatter  radar  facilities.  The 
observations  are  interpreted  making  use  of  high-latitude  convection  patterns 
for  prevalent  IMF  conditions  and  measurements  by  radar,  optical  and  other 
experimental  techniques  operated  in  the  vicinity  of  Svalbard. 


VARIABILITY  OF  EQUATORIAL  F-REGION  VERTICAL 
PLASMA  DRIFTS 

L.  Scherliess  (1)  and  B.  G.  Fejer  (1) 

(1)  Center  for  Atmospheric  and  Space  Sciences,  Logan,  UT  84322,  USA. 
scherlieClogan . cass.usu.edu 

At  low  latitudes,  ionospheric  plasma  drifts  play  an  essential  role  on  the  dis¬ 
tribution  of  ionization  and  the  dynamics  of  the  thermosphere.  These  plasma 
drifts  exhibit  large  temporal  and  spatial  variability.  W’e  use  incoherent  scatter 
radar  observations  from  Jicamarca  and  Ion  Drift  Meter  data  from  the  AE-E 
satellite  to  study  these  variability  of  the  equatorial  vertical  plasma  drifts  during 
geomagnetically  quiet  periods. 

We  will  present  initially  a  detailed  study  of  the  annual  and  solar  cycle  variations 
of  the  plasma  drifts  and  a  new  empirical  analytical  model  for  their  representa¬ 
tion.  We  show  that  during  daytime  and  low  solar  flux  conditions  the  average 
Jicamarca  spring  and  fall  vertical  drifts  differ  significantly.  The  development  of 
a  presunrise  enhancement  in  the  equatorial  vertical  drifts  is  found  near  June 
solstice  and  periods  of  medium  solar  flux  but  is  absent  during  other  times.  We 
will  also  present  the  longitudinal,  seasonal,  and  solar  cycle  variations  of  the 
equatorial  vertical  plasma  drifts  obtained  from  the  AE-E  satellite  and  compare 
them  with  radar  results. 

We  show  that  day-to-day  variability  near  the  equator  is  most  pronounced  dur¬ 
ing  the  day  and  decreases  with  increasing  solar  flux.  Near  March  equinox  this 
variability  is  strongly  enhanced. 


A  NEW  METHOD  FOR  ADVANCED  FABRY-PEROT  DATA 
PROCESSING 

K.  Schlegel,  A.  Kohsiek,  M.  Kosch 
Max-Planck-Institut  fur  Aeronomie 
schlegel@linmpi.mpg.de 

The  technique  to  process  Fabry-Perot  images  in  order  to  derive  neutral  wind 
velocities  and  neutral  temperatures  is  not  straight  forward.  The  usual  method 
applying  a  circular  integration  has  the  disadvantage  that  it  is  very  sensitive  to  an 
exact  determination  of  the  center  of  the  image.  Using  an  incorrect  center  causes  a 
broadening  of  the  profile.  'While  this  is  usually  not  too  critical  to  velocity  estimates, 
it  leads  to  an  overestimation  of  the  temperature.  A  full  2-dimensional  fit  -  although 
consuming  more  computer  time  -  avoids  this  disadvantage,  providing  more 
accurate  velocity  and  temperature  estimates.  In  addition  it  automatically  takes  the 
flat-field  and  the  dark-image  corrections  into  account.  The  method  is  explained  and 
examples  are  discussed. 
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NEW  NEAR-IR  EXPERIMENTAL  TECHNIQUES  TO  DETER-  “ 
MINE  THERMOSPHERIC  COMPOSITION  AND  DYNAMICS 

William  J.  Schneller,  R.  B.  Kerr  and  J.  Noto 
Scientific.  Solutions  Inc.,  Medford  MA.,  02155  USA. 

New  capabilities  to  remotely  sense  atomic  oxygen  density,  metastable  helium 
density,  and  atomic  oxygen  temperature  and  winds  above  the  F2  ionospheric 
peak  are  developed.  These  ground-based  observational  techniques  are  all  based 
upon  Fabry-Perot  Spectrometer  measurements. 

Atomic  oxygen  densities,  temperatures,  and  winds  are  measured  above  the 
F2  peak  using  Doppler  profiles  of  the  844.6  nm  emission,  spectrally  isolated 
from  OH  contamination  using  a  resolving  power  of  400,000.  Metastable  helium 
densities  and  temperatures  are  measured  using  doppler  profiles  of  the  1083.0 
nm  emission  from  the  twilight  airglow.  These  measurements  feature  the  use  of 
a  germanium  detector,  and  suggest  that  recombination  of  He+  is  a  significant 
source  of  the  1083.0  nm  emission. 

In  addition,  we  demonstrate  a  novel  new  Fabry-Perot  design  that  permits  fast, 
robust,  lightweight  space-based  application  of  these  techniques.  The  new  Fabry- 
Perot  design  employs  nematic  liquid  crystals  as  the  refractive  medium  of  a 
system  that  is  scanned  entirely  electronically.  Rapid  scanning  and  tunability 
of  the  new  liquid-crystal  Fabry-Perot  is  demonstrated  by  display  of  the  highly 
portable  instrument. 


STUDY  OF  HF  INDUCED  PLASMA  WAVE  DISSIPATION  IN  THE  MODI¬ 
FIED  IONOSPHERE  USING  STIMULATED  ELECTROMAGNETIC  EMIS¬ 
SION. 

E.N.  Sergeev.  V.l.  Frolov  (Radiophysical  Research  Institute,  Russia) 

A  new  method  to  monitor  the  dissipation  processes  of  HF  plasma  waves  induced 
by  a  powerful  pump  wave  (PW)  in  the  ionospheric  F-region  is  presented.  The 
measurements  with  high  time  resolution  (—  0.3  ms)  have  been  performed  at  the 
SL'RA  heating  facility  (N*.  Novgorod,  Russia),  using  the  decay  of  the  stimulated 
electromagnetic  emission  (SEE)  generated  by  HF  plasma  wave  conversion. 
Low  duty  pulse  schemes  of  the  PW  radiation  with  r ^  —  15-200  ms  <<  r0//  — 
1-10  s  are  used  to  investigate  the  evolution  of  the  Langmuir  plasma  turbulence, 
generated  near  the  reflection  level  of  the  PW.  It  has  been  found  that  the  Lang¬ 
muir  plasma  wave  damping  rate  t\  defined  from  the  SEE  intensity  e-folding 
decay  time  rd  =  v~l.  is  close  to  the  collisionat  damping  rate  vt  s:  150  -  300  Hz 
for  ERP  P  <  P‘  (/>"(r,„„ )  4-18  MW  ERP.  taking  into  account  D-region 

absorption),  but  increases  by  4  -  6  times  to  the  collisionless  damping  rate  with 
increase  of  the  pulse  duration  and  the  pump  power  as  well  as  under  diurnal 
conditions  in  comparison  with  nighttime  conditioas. 

Quasi-continuous  heating  with  ron  =  180  ms  »  r0//  =  20  ms  is  used  to 
investigate  the  evolution  of  the  Upper  Hybrid  plasma  turbulence  and  artificial 
small  scale  irregularities  (ASSI).  It  has  been  found  that  the  maximal  Upper 
Hybrid  plasma  wave  damping  rate,  u  c:  TOO  -  1000  Hz.  is  observed  for  the 
steady  state  of  ASSI  after  long  heating  and  weakly  depends  on  the  pump  power 
for  P  >  5-8  MW  ERP.  but  slightly  decreases  in  1.5  -  2  times  when  going  from 
diurnal  to  night  conditions.  The  minimal  damping  rate,  closed  to  collision 
frequency  (t/e),  is  observed  at  the  final  stage  of  ASSI  relaxation  after  a  change 
from  quasi-continuous  heating  to  the  low  duty  pulse  scheme.  Besides,  a  two 
step  decay  process  of  the  Upper  Hybrid  plasma  waves,  with  a  rapid  (t/)  and  a 
slow  (i/e)  damping  rate,  are  observed  at  the  development  and  relaxation  stage* 
of  ASSI. 

The  data  presented  are  compared  with  ISR  observations  of  the  ionospheric 
-Langtnuir  turbulence  over  Arecibo.  To  explain  the  dissipation  process  of  the 
HF  plasma  turbulences,  the  mechanism*  of  the  plasma  wave  energy  transfer 
over  the  sppetrum  and  its  spatial  distribution  in  the  perturbed  volume,  as 
well  as  collision  less  damping  by  the  accelerated  suprathermal  electrons  and  the 
strong  turbulence  general  inn  are  discuss* -d. 


STUDY  OF  FA  I  PROPERTIES  IN  THE  MODIFIED  IONOSPHERIC  F- 
REGION  BY  MEANS  OF  STIMULATED  ELECTROMAGNETIC  EMIS¬ 
SION  IN  ADDITIONAL  HEATING  EXPERIMENTS. 

E.N.  Sergeev.  L.M.  Erukhimov,  V.L.  Frolov  (Radiophysical  Research  Institute, 
B.  Pecherskaya  st.  25,  Nizhny  Novgorod  603600,  Russia) 

P.  Stubbe  (Max-Planck  Insticut  fur  Aeronomie,  Max-PIanck-Str.  2, 
Katlenburg-Lindau  D-3719I,  Germany) 

An  overview  is  presented  of  the  results  concerning  the  influence  of  field  aligned 
irregularities  (FAI)  of  the  ionospheric  plasma  density,  generated  by  additional 
heating  using  a  powerful  pump  wave  (PW)  with  P  z r  60  MW  ERP.  on  the 
stimulated  electromagnetic  emissions  (SEE)  generated  by  the  continuous  or 
pulsed  diagnostic  wave  (DW)  radiation  with  a  small  average  power  ~P  <  10  MW 
ERP  and  frequency  offsets  in  the  range  \Sf±\  =  ( fpw  -  fdw\  =  0  -  1000  kHz. 
An  essential  dependence  of  the  temporal  evolution  of  the  SEE  intensity,  induced 
by  the  additional  heating  on  the  frequency  offset  Sf*  as  well  as  on  the  PW 
frequency  value,  especially  in  the  vicinity  of  the  electron  cyclotron  frequency 
harmonics  n/ce.  is  found.  In  particular,  a  drop  in  the  influence  of  the  additional 
heating  on  the  SEE  temporal  evolution  for  fpw  zi  4 fee  is  observed. 

Variations  obtained  for  the  growth  and  relaxation  time  and  the  overshoot  value 
of  the  additional  SEE  intensity,  coupled  with  an  elaborated  empirical  model 
of  the  FAI  spectrum  evolution  and  a  theoretical  model  of  the  SEE  generation, 
allow  to  use  the  SEE  experimental  data  sets  to  determine  the  strength  and  the 
form  of  the  FAI  spectrum  at  different  altitudes  of  the  perturbed  ionospheric 
volume. 

The  conclusion  about  the  increase  of  the  integral  spectral  strength  of  FAI  with 
U  <  and  especially  for  the  scales  /j.  ~  3  -  10  m.  with  decreasing  values 
of  \6f±\  less  than  200  kHz.  and  fptv  below  5.2  MHz,  as  well  as  for  fpu  >  4 /« 
in  comparison  with  the  opposite  case  fpw  <  4fce  (5  kHz  <  \fpm  -  4 fce\  <  40  - 
J50  kHz),  is  confirmed. 


DEPENDENCE  OF  THE  FREQUENCY  OFFSET  OF  STIMULATED  ELEC¬ 
TROMAGNETIC  EMISSION  MAXIMA  ON  PUMP  PARAMETERS. 

E.N.  Sergeev,  L.M.  Erukhimov.  V.L.  Frolov  (Radiophysical  Research  Institute, 
B.  Pecherskaya  st.  25.  Nizhny  Novgorod  603600,  Russia) 

P.  Stubbe  (Max-Planck  Institut  fur  Aeronomie,  Max-PIanck-Str.  2. 
Iyatlenburg-Lindau  D-37191,  Germany) 

The  results  of  precision  measurements  of  the  position  of  the  main  maxima 
relative  to  the  pump  wave  (PW)  frequency  fpw  in  stimulated  electromagnetic 
emission  (SEE)  spectra  are  presented.  The  downshifted  maximum  (DM),  with 
A/da/  =  /dm— fpw  —  — (9. ..  16)  kHz.  is  the  main  feature  of  the  SEE  spectrum, 
and  the  dependence  of  the  DM  offset  on  the  PW  frequency,  such  as  A f dm  x 
fpv ,  is  observed  [Stubbe  et  a!..  JGR.  1984],  The  broad  upshifted  maximum 
(BUM)  is  the  main  feature  of  the  SEE  spectrum  in  measurements  above  the 
electron  cyclotron  harmonics  fpw  >  n/ce,  and  a  dependence  of  the  BUM  offset 
on  the  PW  frequency  close  to  A fecst  —  fpw  —  n/ce  is  observed  [Levser  et  al.. 
PRL.  1989]. 

In  our  measurements,  a  decrease  of  the  value  of  A/da/  by  1  -  1.5  kHz  and  of 
A/b/  jV/  by  5  kHz  is  found  for  fixed  /pu.  in  the  center  of  the  modified  ionospheric 
volume  with  an  increase  of  the  pump  power,  as  well  as  with  an  increase  of  the 
duration  of  heating  and  the  development  of  an  overshoot  of  the  SEE  intensity. 
The  effect  of  the  DM  offset  is  also  observed  in  the  spectrum  of  a  weak  PW 
(with  frequency  fpWl  and  power  P  zz  2  -  4  MW  ERP)  after  the  turn-on  of 
an  additional  powerful  PW  (with  power  P  zz.  60  MW  ERP  and  frequency  fpa.s 
obeying  |/pill  —  fpu,3\  >  150  kHz).  The  opposite,  an  increase  of  the  value  of 
A/d.u  ,  is  observed  for  a  period  of  —  30  ~  60  s  after  the  turn-off  of  the  additional 
PW  when  the  artificial  field  aligned  perturbations  (FAP)  of  the  electron  density 
and  temperature,  generated  by  additional  heating,  are  relaxed. 

The  results  obtained  allow  to  associate  the  DM  and  BUM  offset  with  a  change 
of  the  FAP  strength  determining,  in  particular,  the  anomalous  absorption  and 
the  spatial  position  of  the  SEE  generation  range  in  the  vicinity  of  the  upper 
hybrid  resonance  level. 


CRITICAL  FREQUNCY  foF2  VARIATIONS  AT  EQUATOR 

LILIA  SIZOVA  (IZMIRAN,142092.Troitsk, Moscow 
region,Russia.E-mail:vpetrov@top.izmiran. 
troitsk.ru./Fax:+7  095  334  09  21 

The  daytime  behaviour  of  critical  frequency  foF2  at  equatorial  latitudes  is  investigated 
for  period  1968-1984  from  a  complex  point  of  view.  Variations  fof2  are  compared 
with  F-region  zonal  electric  field,  horizontal  component  of  the  magnetic  field  and 
interplanetary  medium  data.  The  interaction  of  the  magnetospheric  and  ionospheric 
current  system  has  been  shown  to  be  the  controlling  factor  of  fot2  variations.The 
"bite-out"  changes  during  quiet  days  are  analysed. 


THE  IMPEDANCE  AND  LANGMUIR  PROBES  IN  THE  DEOS 
CAMPAIGN 

C.T.  Steigies  (1),  D.  Block  (1),  A.  Piel  (1)  and  H.  Thiemann  (2) 

(1)  Institut  fur  Experimentelle  und  Angewandte  Physik,  Christian-Albrechts- 
Universitat  Kiel,  Olshausenstr.  40-60.  D-24098  Kiel.  Germany,  (2)  Arbeits- 
gruppe  Weltraumforschung  und  -technologie,  Salzstr.  33.  D-79098  Freiburg. 
Germany. 

steigiesOphysik.uni-kiel.de/Fax:  [49]  431  880  3809 

In  the  DEOS  campaign  three  sounding  rockets  will  be  launched  from  southern 
India  to  study  the  diurnal  variation  of  the  dynamics  of  the  E-  and  F-layers  at 
the  edge  of  the  equatorial  electrojet.  Langmuir  and  Impedance  probes  will  be 
employed  to  measure  plasma  densities,  temperatures  and  density  fluctuations. 
The  new  Impedance  probe  uses  digital  frequency  synthesis  and  allows  for  a 
good  spatial  resolution  (130  m)  together  with  high  accuracy  (1.5%)  due  to  the 
fast  sweep  time  of  the  instrument.  The  two  Langmuir  probes  will  employ  a 
temperature  and  a  fluctuation  mode.  By  this  approach  plasma  densities  and 
temperatures  measured  with  the  Langmuir  probe  in  temperature  mode  have  the 
same  spatial  and  temporal  resolution  as  densities  measured  by  the  Impedance 
probe,  while  density  fluctuations  up  to  1.5  kHz  can  be  detected  by  the  Langmuir 
probe  in  fluctuation  mode.  First  results  from  the  campaign  to  be  performed  in 
March  1998  will  be  presented.  A  comparision  of  density  fluctuations  measured 
by  the  Langmuir  probes  and  density  gradients  determined  from  the  Impedane 
probes  gives  first  hints  on  gradient  driven  instabilities. 
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AN  ATTEMPT  TO  INTERPRET  NON-MAX WELLIAN  SPECTRA  FROM 
THE  EISCAT  SVALBARD  RADAR  (ESR) 

A.  Stremme  (1),  N.  Bj0m&  (I),  U.P.  L0vhaug  (1)  and  A.P.  van  Eyken  (2) 

(1)  Auroral  Observatory,  University  of  Troms0,  N-9037  Troms0,  Norway,  (2)  EISCAT 
Scientific  Association,  Ramfjordmoen,  N-9020  Tromsdalen,  Norway, 
an j  aCpbys .  uit .  no/Fax:  [+47]  77  64  62  80 

A  persistent  feature  of  the  data  from  the  new  EISCAT  Svalbard  Radar  (ESR)  is  the  rec- 
curcnt  occurrence  of  spectra  differing  significantly  from  those  corresponding  to  a  ther¬ 
mal  ion  and  electron  populations.  Spectra  showing  distortions  of  one  or  both  shoulders 
are  frequently  observed,  as  well  as  triple  humped  spectral  forms,  even  for  field-aligned 
observations.  The  ESR  spectra  do  not  exhibit  the  strong  enhancement  previously  ob¬ 
served  in  anomalous  spectra  at  other  incoherent  scatter  radars.  They  rather  present  a 
different  distribution  of  power  within  the  spectra  compared  to  a  Maxwellian.  The  ESR 
spectra  vary  rapidly  both  in  time  and  in  altitude.  The  instability  mechanisms  proposed 
to  explain  the  features  observed  by  the  mainland  radars  are  not  able  to  explain  those 
observed  by  the  ESR.  Most  of  the  spectra  can  be  interpreted  successfully  in  terms 
of  mixtures  of  several  ion  populations,  with  different  drift  velocities  and/or  tempera¬ 
tures,  within  the  scattering  volume.  We  attempt  to  produce  simulated  distorted  ESR 
spectra,  by  means  of  different  ion  populations.  Proton  and  heavier  ion  precipitation 
over  Svalbard  might,  through  different  Collision  processes,  create  secondary  particle 
distributions  matching  the  phase  velocity  of  the  ion  acoustic  wave  observed  by  the 
ESR. 


METHODICAL  ASPECTS  OF  ROCKET  MEASUREMENTS  OF 
ELECTRIC  FIELD  AND  ELECTRICAL  CONDUCTIVITY  IN  THE 
LOWER  IONOSPHERE  AND  THE  ELECTROSPHERE 

V.  Struminskv  ( 1  ) 

( I )  Ninosibirsk  State  l;mver>il\ 

strum  (i  ph\ >. nsu.ru  Fax:  ”*7(.'8.>-2)-.'tl- <  1-01 

IndustiialK  released  equipment  for  the  in-sit  u  measurements  of  electric  Held 
and  electrical  conductivity  in  the  lower  ionosphere  and  the  electrosphere 
does  not  exist.  Each  separate  group  of  researchers  is  forced  to  design  its 
own  \ariant  of  instrument,  measuring  properties  of  which,  as  a  rule,  are 
dependent  both  on  the  concrete  configuration  of  the  rocket  pa>load  and  the 
Hicht  regime  of  the  rocket  being  used.  At  the  same  time,  practical!)  no 
publication  concerned  these  investigations  reflects  the  main  sources  ot 
errors  and  presents  their  relative  contribution  in  the  results  of  measurements. 
Therefore,  ii  is  difficult  to  compare  the  results  of  separate  investigations 
and  to  detect  common  regularities.  In  this  paper  methodical  and 
metroloiiieal  aspects  of  such  investigations  are  considered,  hardware  and 
exterior"  sources  of  errors  are  estimated.  Some  of  prev  ioush  unpublished 
results  of  strato-mesosphcric  measurements  of  electric  Held  strength  and 
electrical  conductivity  b\  means  of '-mother  -  daughter*-  rocket  system  are 
given. 


CONTRIBUTIONS  TO  MODELLING  OF  COUPLING  BETWEEN 
IONOSPEHERE  AND  INTERPLANETARY  MAGNETIC  FIELD 

HX.Sragg  and  GJSLSxOct 

University  of  Sopron  CSLMJ^eptExact  and  Social  .Sciences,.Sz£kesfeh6rv4r 
P.O.Box  52  H-8002;szh@geo.  calm.hu 

In  our  preceding  papers  (XVHI  Egs.Gen.Aas  1 993-XXn.Geti Ass.  1 997;24th 
ICRC  Rome  1996;25th  URSI  Gen.Ass.1996)  we  anaiised  the  different  aspects 
of  coupling  among  atmosphere-ionosphere-interplanetary  magnetic  field  via 
solar-activity, with  regard  special  to  ionospheric  disturbances.^  case  of 
ionosphere-interplanetary  magnetic  field  interaction  we  are  coming  (with  other 
authors)  in  basis  of  groiffid  and  satellit  observations  to  the  conclusion  that  the 
lower  ionosphere  in  domain  of  long  and  very  long  radiowaves  responds  with  a 
delay  of  7-9  days  to  the  sudden  changes  of  interplanetary  magnetic  field,as  to 
sources  of  the  geomagnetic  storms^espectively.According  to  the  fact  that  the 
changes  in  the  (lower)  ionosphere  follow  at  all  times  with  a  considerable  delay 
the  changes  of  interplanetary  magnetic  field  we  consider  that  this  ineracting 
system  we  can  model  with  a  RL  ,as  rezistor- inductor  circuitFor  this  reason 
during  increasing  phase  of  magnetic  storm  we  can  describe  the  electric  field 
strenght  with  formula  :  E  -  En  (1  -  exp  (-t/I))  and  in  his  decreasing  phase  we 
have  E«E0exp  (-t/I) ,  where  T  =L/R  it  is  the  time-constant  of  circuit#  being  the 
rezistivity  and  L  the  inductivity  of  circuits  that  case  if  the  variation  of 
temperature  of  interacting  system  is  known  ,we  can  estimate  the  value  of  R  and 
in  knowledge  of  time-constant  we  can  deduce  L. 


FIRST  RESULTS  OF  LOW-LATITUDE  ROCKETFROJECT  DEOS: 
DYNAMICS  OF  THE  EQUATORIAL  IONOSPHERE  QVER  §HAR 

H-Thiemann  (1),  G.Mayer  (2)  and  APiel  (3) 

(1)  Arbeitsgruppe  Weltraumphysik  und  -technologie,  Salzstr.33  79098  Freiburg, 
Germany,  (2)  Deutsches  Zentrum  fur  Luft-  und  Raumfahrt  e.V.,  82230Wessling, 

(3)  Institut  fur  Experimentelle  und  Angewandte  Physik,  CAU  Kiel,  24098  Kiel, 
thiemann.  awt@t-online.de/Fax  +49-7 6 1  -28 1 260 

The  DEOS  rocket  campaign  will  be  performed  during  equinoctial  conditions  in 
March  1998  from  the  low-latitude  station  of  Srihancota  Range  ,  India.  Results  are 
presented  from  three  successive  rocket  launches  during  evening,  night  and  daytime 
conditions.  This  sequence  determines  prereversal  current  enhancement,  Spread-F 
and  Sporadic-E  effects,  which  are  the  primary  targets  of  the  investigation.  Spread-F 
conditions  require  prediction  by  an  airglow  technique  during  afternoon  hours  in 
order  to  follow  this  sequence.  The  in-situ  instruments  provide  local  measurements 
of  standard  plasma  parameters  on  various  scale  sizes.  Radio  beacon  transmitter 
signals  onboard  are  received  by  four  different  ground  stations  The  related  TEC- 
measurements  provide  horizontal  information  of  ionospheric  plasma  patterns.  A  net 
of  ground-based  facilities  will  be  operated  during  the  launch  campaign  to  guide  the 
rocket  measurements.  The  latitudinal  extent  of  electrojet  and  Sq  current  system  are 
identified  by  a  chain  of  ground-based  magnetometers.  lonosondes.  distributed  over 
four  locations,  measure  the  temporal  and  spatial  evolution  of  Spread-F  and 
Sporadic-E  features  and  provide  a  link  to  the  TEC  distribution.  An  ionosonde  at 
SHAR  verifies  the  uplifting  of  the  F-layer  during  presunset  conditions. 


DISTRIBUTION  OF  MAJOR  IONS  IN  THE  OUTER 
IONOSPHERE  FOR  THE  MAXIMUM 
OF  THE  22nd  SOLAR  CYCLE 
(LOW  AND  MIDDLE  LATITUDES) 

L.  Triskova,  V.  Truhlik  and  J.  Smilauer 

Institute  of  Atmospheric  Physics  of  Acad.  Sci.  Czech  Rep.,  BoCnt  II, 
141  31  Prague  4,  Czech  Republic 

Ion  composition  data  from  the  Bennett  ion  mass  spectrometer  onboard 
Intercosmos  24  satellite  (perigee  -550  km,  apogee  -2500  km)  have  been 
used  to  study  altitudinal  and  latitudinal  distributions  of  three  major 
ions  -  0+,  H+,  and  He+  during  the  period  1989-  1991  (maximum  of  the 
22nd  solar  cycle)  in  low  and  middle  latitudes.  Analysis  has  been  done 
considering  seasons,  local  time  and  geomagnetic  activity.  Experimental 
profiles  are  compared  with  profiles  from  numerical  models.  The  role  of 
He+  in  the  upper  transition  height  (0+  to  light  ions)  is  discussed, 
especially  in  the  cases  of  the  He+  dominance. 


MODIFICATION  OF  IONOSPHERIC  CHAPMAN  FUNCTION 
TAKING  INTO  ACCOUNT  OBLATENESS  OF  PLANETS 

P  I  Y.  Velinov  and  V  I.  Kostov 

Central  Solar-Terrestrial  Influences  Laboratory,  Bulgarian  Academy  of 
Sciences,  Acad.G.Bonchev  Str.,  Block  3,  Sofia  1113,  Bulgaria 

Theoretical  expression  for  modified  Chapman  function  Che  with 
account  of  oblateness  of  planets  is  derived  The  planets  are 
represented  as  oblate  ellipsoids  of  revolution.  Che  depends  not  only  on 
the  solar  zenith  angle  x  an^  the  altitude  of  watchpoint  (as  Ch  is  by 
spherical  planet),  but  also  on  the  solar  declination  and  on  the  latitude 
of  spot  of  surface  of  ellipsoid,  which  normal  gets  through  the 
watchpoint.  This  causes  latitudinal  and  seasonal  effects  on  the  electron 
production  rate  function  and  thus  influences  the  whole  theory  for  the 
formation  of  the  ionosphere.  These  effects  are  due  to  the  difference 
towards  the  spherical  form  of  the  planet.  A  software  package  for 
calculation  of  Che  is  developed.  C he  is  tabulated  for  the  Earth  at 
heights  50-1000  km,  i.e.  the  Dy  E  and  F-regions.  More  essential 
difference  of  Che  from  Ch  are  observed  at  x  ~  97-100°,  i.e.  in  the 
sunrise-sunset  periods.  For  Saturn  (greatest  oblateness  0.104  from  the 
planets  in  the  Solar  System)  this  difference  is  50%. 


SMALL-SCALE  STRUCTURES  of  QUIET  DAY  F2  LAYER 
IONISATION  DENSITY  at  VERY  LOW  MAGNETIC  LATITUDES 

P.  M.  Vila,  CETP/Saint  Maur,  France 

From  early  times,  regular  F2  layer  measurements  at  the  magnetic 
equator  have  evidenced  additional  daytime  fluctuations  in  the  body  of 
the  F2  layer.  These  cannot  be  attributed  to  diurnal  mesoscale  fountain 
motions,  and  they  seem  to  differ  profoundly  from  one  solar  Cycle  to  the 
next,  i)  In  Cycle  19  Jicamarca  Incoherent  scatter  soundings  revealed 
periodic  quasi-standing  waves  of  about  12  minute  period;  1965  and 
1966  airborne  ionograms  along  the  Central  African  meridian  yielded 
similar  periodic  structures  at  subtropical  and  tropical  dip  latitudes,  ii)  In 
Cycle  20,  isolated  strata  were  seen  to  generally  rise  frSrn  FI  to  peak  F2 
levels  at  Sahr  (Chad).  Hi)  In  Cycle  22,  larger  recurrent  structures 
abound  in  West  Africa  IEEY,  1992-1994)  inside  the  near-equatorial 
zone  of  +5°>  mag.  latitude>  5°  which  seem  only  occasionally  related  to 
auroral  fronts  .Pending  fine-scale  modeling  tests  of  these  solar  cycle 
discrepancies  between  structures,  we  investigate  their  local  and  external 
sources,  as  regimes  of  the  equatorial  electrojet  altitude  shells  differently 
dominated  by  wave  turbulent,  electric  field  or  electric  current,  and  as 
spatial  variations  of  the  sub-solar  pressure  bulge  boundaries,  in  their 
dependence  on  auroral  electric  field  Acoustic  Gravity  Wave  forcing. 
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MAGNETOSHEATH’S  MAGNETIC  FIELD  AND  MAGNETO¬ 
PAUSE  STRUCTURE  FOR  HIGH  MAGNETIC  SHEAR 
I.  Alexeev  and  V.  Kalegaev 

Institute  of  Nuclear  Physics,  Moscow  State  University,  119899  Moscow,  Russia. 
klgOdecl. npi.msu.su/Fax:  [7]  095-939-0896 

The  supersonic  solar  wind  -  Earth’s  magnetosphere  coupling  plays  the  main 
role  in  the  solar  wind  energy,  momentum  and  mass  input  into  the  magneto¬ 
sphere.  The  new  dynamic  model  of  magnetic  field  in  coupled  solar  wind  -  mag¬ 
netosheath  -  magnetosphere  system  is  considered.  Magnetosphere  is  presented 
by  the  paraboloid  model.  The  MHD  equations  in  the  magnetosheath,  where  the 
compressible  ohmic  conducting  solar  wind  plasma  flow  past  the  magnetosphere, 
are  solved  as  a  singularly  perturbed  system  with  two  independent  small  param¬ 
eters,  which  are  inversely  proportional  to  Mach-Alfven  and  magnetic  Reynolds 
numbers. 

The  analytical  solution  for  plasma  flow  and  magnetic  field,  was  obtained.  The 
magnetic  field  near  the  magnetopause  is  formed  due  to  mutual  diffusion  of  the 
magnetospheric  magnetic  field  in  the  solar  wind  and  IMF  into  the  magneto¬ 
sphere.  For  the  typical  magnetosheath  conditions,  magnetopause  thickness  is 
about  of  100  times  less  than  stand-off  distance.  The  proposed  model  allows  to 
determine  the  reconnection  efficiency,  potential  difference  accross  the  polar  cap, 
energy  input  rate  into  the  magnetosphere  by  IMF  and  solar  wind  parameters: 
velocity,  density,  conductivity.  The  calculated  solar  wind  plasma  and  magnetic 
field  parameters  in  the  magnetosheath  are  compared  with  average  variations  of 
those  obtained  by  AMPTE/IRM  satellite  for  high  magnetic  shear. 


ATOMIC  OXYGEN  FORBIDDEN  LINES  MODELIZED  DURING 
A  WINDII-EISCAT  COORDINATED  MEASUREMENTS 

O.  Witasse  (1),  J.  Lilensten  (1),  C.  Lathuillere  (1)  and  P.L.  Blelly  (2) 

(1)  CEPHAG-ENSIEG,  St  Martin-d’Heres,  F-38400  France,  (2)  CESR, 
CNRS/UPS,  9  avenue  du  Colonel  Roche,  Toulouse,  F-31000  France. 
01ivier.Witasse0cephag.inpg.fr 

The  red  and  green  lines  of  the  atomic  oxygen  have  been  studied  for  more 
than  30  years,  and  their  modelization  is  difficult.  It  requieres  in  particular  the 
knowledge  of  the  EUV  solar  flux,  the  photoelectrons  flux,  neutral,  ion  and 
electron  densities  and  temperatures,  and  chemical  reactions  that  occur  in  the 
ionosphere. 

The  aim  of  this  study  is  to  model  the  OI  dayglow  ( 3p  -1  £),A  630  nm  and 
1 D  — 1  S, A  558  nm)  with  the  TRANSCAR  model.  This  model  solves  the  fluid 
equations  for  the  ions  and  the  electrons  and  the  kinetic  transport  equation 
for  the  photoelectrons.  This  code  already  showed  its  capability  to  describe  the 
ionosphere  above  90  km. 

The  emission  rates  are  computed  versus  the  altitude  during  a  coordinated 
WINDII  (on  board  of  UARS)-EISCAT  experiment.  The  neutral  densities  given 
by  the  MSIS  model  are  set  to  adjust  electron  densities  and  temperatures  mea¬ 
sured  by  the  radar  and  given  as  outputs  of  the  TRANSCAR  model.  Several 
sources  and  sinks  of  both  exited  states  of  the  atomic  oxygen  are  reviewed  and 
discussed. 


A  MODEL  OF  DISTURBED  MAGNETOSPHERE 
I.  I.  Alexeev 

Institute  of  Nuclear  Physics,  Moscow  State  University,  1198999,  Moscow, 
Russia. 

alexeevfldecl. npi.msu.su/Fax:  [07]  095  939  35  53 

Previous  paraboloid  magnetospheric  model  was  presented  in  a  new  form  allow¬ 
ing  to  describe  and  analyze  the  magnetospheric  disturbances.  Tail  lobe  mag¬ 
netic  flux  value  Fpc  was  introduced  as  input  parameter  of  magnetospheric 
model.  Model  key  parameters  and  ground  state  of  the  magnetosphere  were  de¬ 
termined.  The  presure  balance  in  the  subsolar  points  limited  the  values  of  these 
magnetospheric  model  parameters.  The  influence  of  interplanetary  magnetic 
field  (IMF)  on  the  magnetospheric  magnetic  field  was  studied  by  examination 
of  the  position  and  size  of  the  magnetopause  merging  area.  The  influence  of 
the  IMF,  field-aligned  and  tail  currents  on  the  the  location  and  shape  of  the 
open  field  line  bundle  attached  to  the  polar  cap  was  studied.  Such  bundle  exist 
not  only  as  result  of  IMF  and  magnetospheric  field  reconnection  at  the  magne¬ 
topause  but  as  result  of  tail  lobe  field  lines  connection  with  IMF  at  the  distant 
tail  cross-section.  Contrary  to  popular  opinion,  it  was  found  that  the  area  of 
polar  cap  is  strongly  controlled  by  the  tail  current,  but  only  weakly  by  the 
IMF.  The  tail  current  contribution  in  Dst  during  magnetic  storm  has  the  same 
valie  as  ring  current  contribution.  A  case  study  strongly  support  the  simulation 
results. 


EQUILIBRIUM  OF  THE  MAGNETOSPHERE  AND  TAIL 
CURRENT  DYNAMICS 

I.I.  Alexeev  and  S.Yu.  Bobrovnikov 

Institute  of  Nuclear  Physics,  Moscow  State  University,  Moscow,  Russia. 
sergoQdecl  .npi.msu.su/Fax:  +7  095  939  2403 

The  problem  of  magnetospheric  equilibrium  is  discussed  based  on  paraboloid 
model  of  the  magnetosphere.  The  equilibrium  condition  of  the  magnetosphere 
under  various  magnetospheric  configurations  was  described.  The  critical  values 
of  model’s  parameters  which  correspond  to  the  transition  of  the  magnetospheric 
system  to  the  metastable  state  were  determined.  It  was  shown  that  the  magne¬ 
tospheric  dynamic  strongly  depends  on  the  distance  to  the  subsolar  point  and 
to  the  inner  edge  of  the  tail  current  sheet.  The  processes  accompanied  by  in¬ 
creasing  of  these  distances  lead  to  metastable  configuration.  As  an  example  the 
IMF  triggering  of  substorm  break  up  was  investigated.  The  northward  turning 
of  IMF  cause  the  increasing  of  the  magnetospheric  space  scale  and  as  conse¬ 
quence  the  increasing  of  both  mentioned  above  distances.  The  possibility  of  the 
substorm  break  up  increases.  An  influence  of  the  field-aligned  currents  on  this 
process  was  discussed.  At  the  growth  phase  when  the  intensity  of  field-aligned 
currents  increases  they  stabilize  the  magnetospheric  configuration.  After  turn¬ 
ing  IMF  northward  this  stabilization  factor  disapeares  and  the  possibility  of 
the  substorm  break  up  increases.  On  the  basis  of  these  statments  the  hypothet¬ 
ical  scenario  of  the  substorm  was  constructed.  Model  results  tested  by  the  case 
study. 
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CHAOS  IN  PLASMA  SHEET  PARTICLE  MOTION  AND  ITS 
CONSEQUENCES 

E.  E.  Antonova  (1),  E.  V.  Vikhreva  (1),  I.  L.  Ovchinnikov  (1).  M.  V. 
Stepanova  (2)  and  M.  V.  Teltsov  (1) 

(1)  Scobeltsyn  Institute  of  Nuclear  Physics,  Moscow  State  University,  Moscow, 
119899,  Russia,  (2)  Departamento  de  Fisica,  Universidad  de  Santiago  de  Chile, 
Ecuador  3493,  Casiila  307,  Santiago.  Chile. 

The  results  of  experimental  investigations  of  the  plasma  sheet  electron  motion 
on  base  of  the  Intercosmos-Bulgaria-1300  data  are  summarized.  Auroral  elec¬ 
tron  flux  fluctuations  in  fixed  energy  channels  are  analyzed.  It  is  shown  that 
fluctuation  spectra  have  the  character  corresponding  to  stochastic  electron  mo¬ 
tion.  The  dependence  of  auroral  electron  temperature  from  the  coordinate  along 
the  satellite  trajectory  is  investigated.  Electron  acceleration  by  field-aligned 
electrostatic  potential  drops  is  taken  into  account.  It  is  shown  that  electron 
temperature  in  the  magnetically  quiet  conditions  has  no  significant  latitude 
dependence.  The  results  of  experimental  data  analysis  are  interpreted  as  the 
proof  of  stochastic  character  of  plasma  sheet  electron  motion.  High  amplitude 
electric  field  fluctuations  was  selected  as  the  source  of  electron  motion  stochas- 
tization.  Electron  motion  in  crossed  homogeneous  magnetic  field  and  electric 
field  with  sinusoidal  dependence  along  one  coordinate  and  finite  homogeneous 
component  along  another  is  analyzed.  Using  the  of  Lyapunov  exponent  it  is 
shown  that  particle  motion  became  stochastic  when  particle  Larmor  radius 
is  comparable  with  electric  field  nonhomogeneity  scale.  Stochastic  character 
of  electron  motion  limits  the  applicability  of  substorm  theories  postulating 
magnetized  character  of  electron  motion  and  its  destruction  as  the  cause  of 
reconnection  beginning  and  substorm  expansion. 


QUIET  TIME  PLASMA  PRESSURE  PROFILE  AND  ITS  CONNECTION 
WITH  ADIABATIC  PLASMA  TRANSPORT 

E.E.Antonova,  V.F.Bashkirov,  N.Yu.Gartushkina 

Skobeltsyn  Institute  of  Nuclear  Physics  Moscow  State  University, 

nataIy@srdlan.npi.msu.su/Fax:  +7-095-939-5034 

One  of  the  mainplasma  trap  characteristic  is  the  plasma  pressure  distribution 
in  the  trap.  Radial  plasma  pressure  gradients  in  the  conditions  of 
magnetostatic  equilibrium  supports  azimuthal  currents  in  the  trap.  Plasma 
pressure  gradients  along  magnetic  flux  tube  volume  isosurfaces  creates 
field-aligned  currents.  Pressure  distribution  instability  may  be  the  cause  of 
electric  fields  generation.  Magnetospheric  trapped  radiation  is  the  main 
source  of  plasma  pressure  in  the  inner  magnetosphere  regions.  During 
magnetospneric  storms  and  substorms  such  distribution  is  distorted  due  to 
inner  magnetosphere  hot  plasma  injections.  Dst  magnetic  field  variation  is 
producedby  the  difference  of  disturbed  and  quite  time  ring  current.  So  for 
comparison  satellite  particle  measurements  with  near  Earth  magnetic  field 
measurements  it  is  necessary  to  know  quite  time  plasma  pressure  profile. 
Such  profile  can  be  obtained  on  the  base  of  existing  models  of  trapped 
radiation.  Calculations  of  plasma  pressure  profile  based  on  the  model  AP8 
are  presented.  Calculated  profile  is  compared  with  Cosmos-900,  Molnia-1  and 
AMPTE/CCE  data.  It  is  snown  that  the  results  of  calculations  are  in  a  rather 
good  agreement  with  experimental  data.  To  analyze  the  mechanisms  of  quite 
time  pressure  profile  formation  radial  diffusion  model  is  used.  It  is  shown 
that  adiabatic  diffusion  processes  can  explain  quite  time  plasma  pressure 
profile. 


THREE-DIMENSIONAL  TURBULENT  PLASMA  SHEET 
MODEL 

E.  E.  Antonova  and  I.  L.  Ovchinnikov 

Scobeltsyn  Institute  of  Nuclear  Physics,  Moscow  State  University,  Moscow, 
119899,  Russia. 

Possible  role  of  the  medium-scale  turbulent  transport  in  plasma  sheet  dynamics 
is  analyzed  in  diffusion  approximation.  The  turbulent  diffusion  may  compen¬ 
sate  the  compressive  action  of  the  dawn-dask  electric  field  and  support  the 
plasma  sheet  stability.  This  model  explains  the  plasma  sheet  thinning  with¬ 
out  compression  during  substorm.  The  existence  of  the  developed  turbulence 
is  supported  by  auroral  and  plasma  sheet  electric  field  measurements:  ampli¬ 
tudes  of  observed  electric  field  fluctuations  are  an  orders  of  magnitude  higher 
than  the  dawn-dusk  electric  field  amplitude.  Medium  scale  electric  field  fluc¬ 
tuating  vortexes  may  give  the  main  contribution  to  transport  coefficients.  The 
developed  theory  of  turbulent  plasma  sheet  formation  permits  to  determine 
plasma  pressure  -  magnetic  field  vector  potential  dependence,  to  solve  Grad- 
Shafranov  problem  and  to  restore  magnetic  field  line  configuration  if  plasma 
pressure  distribution  on  the  tail  axis  is  known.  The  theory  was  generalized 
on  the  three-dimensional  case.  In  accordance  with  experimental  observations 
it  was  suggested  that  plasma  temperature  does  not  change  across  the  plasma 
sheet.  Tsyganenko  magnetic  field  models  was  used  for  modeling  plasma  sheet 
large-scale  electrostatic  potential  distribution  in  the  tail  on  the  basis  of  iono¬ 
spheric  potential.  Three-dimensional  distribution  of  plasma  concentration  for 
different  IMF  orientations  was  obtained.  During  BlMF  <  0  model  plasma  sheet 
has  concave  structure.  During  f?IMF  >  0  bulge  structure  in  the  center  of  the 
sheet  was  formed.  The  developed  model  may  explain  plasma  sheet  bifurcation 
and  theta-aurora  formation  during  northern  direction  on  the  IMF. 


Geomagnetic  and  Solar  Wind  Control  of  Magnetospheric  Mapping 

A.A.Arykov,  Yu.P.Maltsev,  A.A.Ostapenko 
(Polar  Geophysical  Institute,  Apatity,  184200,  Russia) 

The  empirical  magnetic  field  model  by  Ostapenko  and  Maltsev  [J.  Geophys.  Res., 
1997,  102,  17467]  has  been  used  for  mapping  at  the  distances  of  3-10  RE.  The  model 
depends  on  the  Dst  and  Kp-indices,  solar  wind  pressure,  IMF  vertical  component  and 
tilt  angle  of  the  Earth  dipole.  This  model  is  more  precise  than  the  other  ones.  Position 
of  the  field  line  footpoints  is  expressed  in  terms  of  the  five  above-mentioned 
parameters  by  approximation  formulas.  Coordinates  of  the  field  line  footpoints  are 
mapped  to  the  equatorial  plane.  A  lot  of  maps  for  various  situations  are  obtained  and 
compared.  It  is  shown  that  these  projections  are  controlled  mainly  by  the  Dst  index  at 
all  longitudinal  sectors.  The  Kp  index  influences  the  mapping  in  the  nightside  sector 
predominantly,  whereas  the  solar  wind  pressure  has  the  strongest  effect  at  the  dayside. 
The  effect  of  the  IMF  appeared  to  be  insignificant 


PLASMA  PRESSURE  GRADIENTS  AS  THE  MAIN  CAUSE  OF 
MAGNETOSPHERE  DYNAMICS 

E.E. Antonova,  Skobeltsyn  Institute  of  Nuclear  Physics  Moscow  State 
University,  antonova@taspd.npi.msu.su /Fax:  +7-095-939-0896 

The  most  natural  way  to  explain  in  the  first  approximation  any  plasma  trap 
dynamic  is  to  analyze  pressure  distribution  in  the  trap  and  its  stability.  For 
the  case  of  magnetospheric  trap  for  a  long  period  of  time  information  about 
plasma  pressure  distribution  was  very  limited.  So  the  point  of  view  based  on 
the  suggestion  of  secondary  role  of  such  gradients  ana  explanation  of  global 
magnetospheric  dynamics  by  MHD  generator  action  or  viscous  interactions 
in  the  boundary  layers  became  dominant.  The  theories  of  solar  wind  source 
of  dawn-dusk  electric  field  meet  with  real  difficulties  when  it  became  clear 
that  maximal  dawn-dusk  potential  drop  is  projected  on  the  inner 
magnetosphere  regions.  In  such  a  case  it  was  natural  to  explain  dawn-dusk 
electric  field  formation  as  the  result  of  ionospheric  dynamo  layer  Region  1 
currents  closing  and  connect  Region  1  currents  generation  with  the  existence 
of  plasma  pressure  gradients  along  magnetic  flux  tube  volume  isolines  with 
pressure  minima  near  midnight.  It  became  possible  to  show  that  such 
gradient  existence  is  the  natural  cause  of  magnetospheric  trap  geometry.  So 
noncontradictory  way  to  explain  magnetospheric  dynamics  by  inner 
magnetosphere  processes  arise.  The  main  theory  aspects  are  discussed  .The 
theory  contain  the  possibility  to  explain  IMF  control  of  dawn-dusk  electric 
field  dye  to  IMF  control  of  magnetospheric  currents.  Inner  magnetosphere 
currents  changes  produce  magnetic  flux  redistribution  between  daytime  and 
nighttime  parts  or  magnetosphere  and  corresponding  magnetopause  motion. 
Many  aspects  of  magnetosphere  substorm  dynamics  are  also  possible  to 
explain  using  the  developed  approach. 


A  STUDY  OF  PARTICLE  BOUNDARIES  DURING  A  SOLAR 
ELECTRON  EVENT 

G.R.Bikkuzina  (1),  V.A. Sergeev  (1)  and  T.Bosinger  (2) 

(1)  Institute  of  Physics,  St.  Petersburg  State  University,  St.  Petersburg,  Russia 
198904,  (2)  Institute  of  Physical  Sciences,  University  of  Oulu,  B.O.  Box  333. 
FIN-90571  Oulu,  Finland. 

The  relationship  between  different  particle  boundaries  observed  by  NOAA-6 
and  TIROS-N  polar  low-altitude  spacecraft  is  examined  and  compared  with 
the  solar  electron  plateau  boundary  (SBe)  during  a  5-day  long  solar  electron 
event  on  September  15-20,  1979  including  both  relatively  quiet  intervals  and 
a  moderate  magnetic  storm  on  September  18.  Observational  arguments  and 
comparison  with  predictions  based  on  magnetospheric  magnetic  field  models 
are  presented  to  argue  that  SBe  boundaries  for  100  keV  electrons  (except  for  a 
narrow  noon  sector)  are  located  deep  inside  of  closed  field  lines  of  the  plasma 
sheet  and  correspond  to  isotropic  (i.e.  precipitation)  boundary  of  energetic 
electrons  controlled  by  their  non-adiabatic  scattering  in  the  equatorial  current 
sheet.  We  investigate  the  relative  locations  of  different  particle  boundaries  as 
a  function  of  Magnetic  Local  Time  and  discuss  their  physical  interpretation. 
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A  GROUND  FACILITY  FOR  HIGH-LATITUDE 
MAGNETOSPHERIC  SOUNDING 

Blagoveschensky  D.V.1,  Chemyakov  S.M.2 
*State  Academy  of  Aerospace  Instrumentation; 

67  Bolshaya  Morskaya  Str.,  St.Peterburg  190000,  Russia; 
<nataly@geophys.  spb .  su> 

2Polar  Geophysical  Institute;  15  Khalturina  Str.,  Murmansk  183010, 
Russia;  <sergeich@polar.murmansk.su> 

During  many  years  there  were  observations  of  echo-signals  in  different 
radiophysical  experiments.  One  of  the  reasons  of  echo  phenomena  can  be 
propagation  of  a  signal  along  a  magnetic  line  to  the  conjugate  hemisphere 
and  back  to  the  transmitter.  The  experimental  evidences  of  such  a 
mechanism  were  given  for  the  middle  latitudes.  In  the  Geophysical 
Observatory  Loparskaya  (LOP,  <p=68.25°N,  X=33.08°E;  0=64.52° , 

A=1 13.9°,  L=5.2)  a  ground  facility  for  observations  of  this  kind  of 
radioechoes  in  the  high-latitude  region  has  been  constructed.  It  is  a 
modified  ionosonde  with  additional  equipments  which  permit  to 
investigate  a  chosen  range  of  time  delay.  The  first  experiments  have 
shown  the  possibility  of  the  facility  to  be  used  for  investigation  of 
radioechoes. 


A  RADIATION  BELT  MODEL  BASED  ON  CONVECTION- 
DIFFUSION  THEORY  INCLUDING  A  TIME  DEPENDENT 
MAGNETIC  FIELD 

S.  A.  Bourdarie  (1),  D.  Boscher  (1)  and  A.  Vacaresse  (1) 

(1)  ONERA-CERT/DESP,  2  Av.  E.  Beiin  P.O.  Box  4025,  31055  Toulouse 
Cedex  4,  France. 

Sebastien.BourdaxieConecart  .fr/Fax:  [33]  5  62  25  25  69 

A  first  physical  Salammbo  4D  model  (latitude,  longitude,  radial  distance  and 
energy)  has  shown  the  importance  of  electric  fields  during  the  dipolarization 
phase  [Bourdarie  et  al.t  "Electron  and  proton  radiation  belt  dynamics  sim¬ 
ulations  during  storm  periods.  A  new  asymetric  convective-diffusive  model", 
J.  Geophys.  Res.,  102,  17541,  1997].  But  during  the  substorm  growth  phase, 
the  magnetic  time  variations  are  prominent  in  the  particle  dynamics.  So  in 
the  Salammbo  4D  model  a  time  dependent  magnetic  field  has  been  added  in¬ 
cluding  day-side  compression  (Mead  64),  field  line  stretching  on  the  night-side 
(Williams  65)  and  a  ring-current  contribution  (Tsyganenko  82).  Here  first  re¬ 
sults  of  this  convection-diffusion  model  are  presented  for  equatorial  protons 
during  a  typical  substorm.  Effects  on  geostationnary  orbit  and  GTO  will  be 
discussed. 


ACCELERATION  OF  OXYGEN  IONS 
AT  THE  EARTH’S  MANTLE 

V.S.  Danilova 

Institute  of  Cosmophysical  Research  and  Aeronomy,  31  Lenin  Ave., 
677891  Yakutsk,  Russia 
ikha@yacc.yakutia.su  /Fax:  + 7(411)244-5551 

It  is  pointed  out  that  oxygen  ions  can  be  accelerated  near  tangen¬ 
tial  discontinuity  in  the  inner  boundary  of  the  mantle  if  they  are 
scattered  on  the  plasma  micropulsations.  The  transport  equation 
for  energetic  particles  in  the  shearing  flows  is  used.  Energetic  spec- 
trums  and  fluxes  of  pxtygen  ions  are  given.  This  version  explains 
why  energetic  oxygefr  ions  tend  to  exist  in  the  mantle  region  and 
their  fluxes  and  energy  are  enhanced  during  geomagnetic  activity 
as  it  is  observed  by  the  "PROGNOZ-7”  and  "GEOTAIL”  satellites. 


THE  RESPONSE  OF  THE  GLOBAL  MAGNETOSPHERE- 
IONOSPHERE  SYSTEM  TO  CHANGING  IMF  CONDITIONS: 
RESULTS  FROM  A  3D  MULTISCALE  SIMULATION 

Darren  L.  DeZeeuw  (1),  Tamas  I.  Gombosi  (1),  Clinton  P.T.  Groth  (1),  Hal 
G.  Marshall  (I),  Paul  Song  (I),  Kenneth  G.  Powell  (2)  and  Quentin  F.  Stout  (3) 
(1)  Space  Physics  Research  Laboratory,  The  University  of  Michigan,  Ann  Ar¬ 
bor,  MI  48109,  (2)  Department  of  Aerospace  Engineering,  The  University  of 
Michigan,  Ann  Arbor,  MI  48109,  (3)  Department  of  Electrical  Engineering  and 
Computer  Science,  The  University  of  Michigan,  Ann  Arbor,  MI  48109. 
t amasCuoich .  edu/Fax:  (734)-647-3083 

The  Michigan  Global  Magnetosphere  Model  is  a  recently  developed  three- 
dimensional  solution  adaptive  code  which  solves  the  equations  of  ideal  magne¬ 
tohydrodynamics  with  our  MAUS-MHD  method  (Multiscale  Adaptive  Upwind 
Scheme  for  MHD).  The  code  is  implemented  for  massively  parallel  computers 
and  runs  considerably  faster  than  real  time  on  a  Cray  T3E  with  512  processors. 
The  model  is  applied  to  simulations  in  which  the  global  magnetospheric  config¬ 
uration  changes  in  response  to  sudden  rotations  of  the  interplanetary  megnetic 
field.  Particular  attention  is  paid  to  the  temporal  evolution  of  the  magnetotail, 
the  motion  of  the  X-point,  the  evolution  of  reconnection  geometries,  and  the 
changes  in  the  ionospheric  potential  and  convection  patterns. 


AMPTE/IRM  OBSERVATIONS  OF  MAGNETIC  FIELD 
ROTATION  AT  THE  DAYSIDE  MAGNETOPAUSE 

J.  De  Keyser  and  M.  Roth 

Belgian  Institute  for  Space  Aeronomy,  Brussels,  Belgium 

A  study  has  been  made  of  the  magnetic  field  rotation  observed  during 
AMPTE/IRM  crossings  of  the  dayside  magnetopause.  These  observa¬ 
tions  are  compared  with  the  predictions  of  a  kinetic  model  of  the  tangen¬ 
tial  discontinuity  (TD)  magnetopause.  Our  main  findings  are:  (a)  the 
dominant  presence  of  large  positive  magnetic  field  rotations  in  dawnside 
crossings  north  of  the  dawnside  equator,  (b)  the  observation  of  both 
rotation  senses  near  the  stagnation  point  and  at  the  duskside,  and  (c) 
the  rare  occurrence  and  questionable  TD  nature  of  low  magnetic  shear 
dawnside  crossings. 


IMAGING  OF  BOUNDARIES  IN  MAGNETOSPHERE 
F.  Doudkin  (1),  V.  Korepanov  (1)  and  M.  P.  Gough  (2) 

(1)  Lviv  Centre  of  Institute  of  Space  Research,  Ukraine,  (2)  Space  Science 

Centre,  University  of  Sussex,  Brighton,  UK 

vakor@isr.lviv.ua 

Imaging  of  large-scale  structures  in  space  plasma  is  a  new  exciting  opportunity  to 
study  solar-terrestrial  interaction.  Remote  electromagnetic  (EM)  sounding  seems  to 
be  the  unique  method  that  can  allow  to  investigate  the  structure  and  dynamics  of 
such  near  -  Earth  formations  as  bow  shock,  magnetopause,  plasmasphere  and  other 
magnetospheric  boundaries.  As  an  example  the  feasibility  of  Earth’s  bow  shock  EM 
sounding  from  outer  space  is  discussed.  Since  the  electron  plasma  density  of  solar 
wind  and  bow  shock  is  within  the  limits  of  1-500  electrons  per  cm3,  so  for 
reconstruction  of  electron  density  profiles  sounder  must  operate  in  the  frequency 
band  about  9-200  kHz,  i.e.  practically  in  very  low  frequency  (VLF)  range.  For 
obtaining  the  information  from  large  bow  shock  areas  spacecraft  has  to  be  located  at 
a  distance  not  less  than  25-30  Earth  radii  from  ramp.  Necessity  to  generate  EM 
waves  in  VLF  range  and  large  distance  between  spacecraft  and  target  lead  to 
considerable  technical  difficulties  for  realization  of  EM  sounding.  The  developed 
theory  of  operation  of  VLF  sounder  in  rarefied  plasma  and  detailed  calculations  of 
hardware  implementation  allowed  to  propose  the  system  which  may  measure  the  co¬ 
ordinates,  electron  densities  and  velocities  of  sounded  boundaries  movement.  The 
average  transmitter  active  power  required  about  20  W  only  at  maximal  antenna 
length  about  3  km  and  weight  about  100  ke. 
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STRUCTURE  OF  THE  MAGNETOSPHERIC  MAGNETIC  FIELD 
DURING  MAGNETIC  STORMS 
L,  A.  Dremukhiua 

Institute  of  Terrestrial  Magnetism  and  Radio  Wave  Propogation,  Troitsk, 
Moscow  Region,  142092  Russia, 
gromovaffltop . izmiran.troitsk.ru 

Complex  study  of  large-scale  magnetospheric  current  contributions  to  observa¬ 
tional  Dst-variation  have  beeii  carried.  In  our  analyses  we  used  ground-based 
magnetometers  data  during  4  magnetic  storms  (Jan  27-30,  1985;  Nov  23-27, 
1986;  Jan  14-16,  1988;  May  06-08,  1988)  and  the  paraboloid  model  of  the  mag¬ 
netospheric  magnetic  field  [Alexeev  et  al.,  J.Geopkys.Res.,  101,  p.7737, 1996]  as 
well  as  the  model  of  Maltsev  [Maltsev  et  al.,  J.Geophys.Res .,  101,  p.7697, 1996]. 
The  input  parameters  for  our  study  were  the  solar  wind  plasma  parameters  and 
north-southward  IMF  Be);  DMSP  6, 7, 8, 9  spacecraft  measurements  of  the  lo¬ 
cation  of  various  auroral  particles  precipitation  boundaries;  the  AMPTE/CCE 
measurements  of  the  total  energy  of  ring  current  ions  with  energy  of  1.5-300 
kev/q.  We  have  obtained  the  contributions  of  different  magnetospheric  current 
systems  to  Dsi-variation  such  as  the  current  on  the  magnetopause  DCF ,  ring 
current  DR,  and  geotail  current  DT.  We  have  found  a  good  agreement  between 
observed  and  model  magnetic  fields  during  the  main  phase  of  the  storms  for 
both  models.  The  paraboloid  model  allows  to  separate  disturbances  caused  by 
various  current  systems.  Such  separation  have  shown  that  values  of  DT  and 
DCF  are  comparable  with  DR  during  the  main  phase  of  the  storms.  During 
recovery  phase  effect  DR  predominates. 


Grazing  Incidence  Neutral  Atom  (GINA)  Surface  Conversion  for  the  New 
Generation  of  Energetic  Neutral  Atom  Imagers  in  Remote  Sensing  of  the 
Magnetosphere 

Federico  A.  Herrero  and  Dennis  J.  Chomayc/NASA  Goddard  Space  Flight  Center, 
Greenbelt,  MD  20771,  USA 

Neutral  atom  imaging  of  magnetospheric  ions  is  now  possible  over  a  broad  range  of 
energies  from  a  few  eV  to  more  than  a  few  hundred  keV.  For  detection,  energetic 
neutral  atoms  are  converted  to  ions  in  one  of  two  ways:  (1)  foil  conversion-passage  of 
the  neutral  atom  through  a  carbon  foil,  and  (2)  surface  conversion-electron  pickup  by 
electronegative  atom  during  surface  scattering.  The  first  provides  acceptable  overall 
sensitivity  for  any  energetic  atom  at  energies  above  a  few  keV,  while  the  second  is 
effective  for  electronegative  atoms  (e.g.,  H  and  O)  at  energies  below  1  keV.  Grazing 
incidence  on  a  conversion  surface  refers  to  atomic  impact  trajectories  with  angles  of 
incidence  of  1  degree  or  less  to  guarantee  multiple  small  angle  scattering  events  that 
enhance  the  probability  of  charge  transfer.  Laboratory  data  exist  to  support  this 
approach  for  electronegative  atoms  at  energies  from  just  above  1  keV  to  20-40  keV 
with  good  conversion  efficiency.  This  paper  will  present  a  brief  review  of  energetic 
neutral  atom  imaging,  describe  the  GINA  approach  with  possible  implementation 
schemes  and  discuss  its  advantages  and  disadvantages. 


ON  ENERGETIC  ELECTRON  SOURCES  ON  LOW  L-SHELLS 
FROM  SATELLITE  DATA. 

S.V.  Elizarov  and  Yu.  V.  Mineev 

Skobeltsyn  Institute  of  Nuclear  Physics,  Moscow  State  University 
serg@srdlan. npi.msu.su/Fax:  095-939-50-34 

Differential  energy  spectra  of  electrons  Ec-0. 3-2.0  Mev  are  considered  on  low 
L- 1.2-1. 7  inside  the  Earth’s  magnetosphere  to  calculate  the  electron  distribution 
function.  The  data  were  obtained  by  two  similar  semiconductor  spectrometers 
onboard  “Intercosmos- 19”  (year  1979  -  maximum  of  solar  activity)  and  Cosmos- 
1686”  (year  1986  -  minimum  of  solar  activity).  The  calculated  distribution  function 
was  used  to  estimate  the  electron’s  source  time  value  corresponding  to  the  definite 
radial  diffusion  coefficients  and  loss  term  (pitch-angle  scattering  and  energy  loss  b> 
Coulomb  interaction,  wave-particle  interaction)  for  the  inner  radiation  belt  electrons 
during  maximum  and  minimum  of  solar  activity.  The  possible  sources  are 
considered  taking  into  account  the  obtained  time  characteristic. 


Magnetospheric  plasma  pressure  restored  from  the  magnetic  data 

E.Yu.  Feshchenko  (Institute  of  Physics,  St-Petersburg  State  University,  198904, 
Russia) 

Yu.P.  Maltsev  (Polar  Geophysical  Institute,  Apatity  184200,  Russia) 

The  magnetostatic  equilibrium  equation  with  the  anisotropic  pressure  has  been  solved, 
the  ratio  of  the  transverse  pressure  to  the  parallel  one  being  assumed  to  grow  with  the 
geocentrical  distance.  The  equation  allows  to  restore  the  pressure  up  to  some  unknown 
function  of  the  distance  which  appears  to  be  not  too  large.  The  empirical  model  of  the 
magnetic  field  by  Ostapenko  et  al.  [1996]  plausible  for  the  distances  from  3  to  10  earth 
radii  was  used.  The  model  depends  on  Dst,  Kp,  and  AE  indices,  as  well  as  on  MF  Bz 
and  he  solar  wind  dynamic  pressure.  The  radial  profile  of  the  magnetospheric  plasma 
pressure  computed  for  quiet  conditions  is  similar  to  that  obtained  from  direct 
measurements.  Influence  of  the  five  above-mentioned  parameters  on  the  pressure  was 
studied.  The  magnetospheric  pressure  appeared  to  be  affected  mainly  by  the  solar  wind 
dynamic  pressure  and  Dst  index. 


ABOUT  PHASE  SPACE  OCCUPIED  BY  SYNCHRONOUS  ELECTRONS 
UNDER  THE  EXTENDED  SECOND-ORDER  GYRORESONANCE 
INTERACTION  WITH  WHISTLER 

N.S. Erokhin  (1),  M.J.Rycroft  (2),  D.Nunn  (3)  and  N.Zolnikova  (1) 

(1)  Space  Research  Institute  of  RAS,  Profsouznaya  Str.84/32, 117810  Moscow,  Russia 

(2)  International  Space  University,  Parc  d'lnnovation, Boulevard  Genthier 
d’Andemach,  F-67400  Illkirch,  France 

(3)  Department  of  Electronics  and  Computer  Sciences,  University  of  Southampton, 
S09  5NH  Southampton,  UK  nerokhin@mx.iki.rssi.ru/Fax:  (7)-095-3 10-7023 

It  is  considered  the  nonlinear  cyclotron  resonance  interaction  of  energetic  electrons 
with  ducted  finite  amplitude  whistler  of  variable  frequency  propagating  along  the 
inhomogeneous  magnetic  field  in  the  case  of  extended  second-order  resonance 
interaction  and  the  variable  wave  frequency.  The  most  strong  interaction  takes  place 
for  the  so-called  synchronous  particles  when  the  resonance  is  a  global  one  on  its 
spatial  scale.  The  dispersion  of  synchronous  electrons  on  the  parallel  velocity,  the 
perpendicular  one  and  the  relative  phase  angle  is  studied  for  the  different  value  of  the 
synchronous  phase  corresponding  both  cases :  the  wave  growth  and  its  damping.  It  is 
shown  that  under  some  conditions  the  group  of  synchronous  elecctrones  can  be  the 
numerous  enough  to  cause  the  significant  effect  on  the  wave  amplitude  dynamics.  The 
possible  application  of  results  obtained  to  the  magnetospheric  conditions  is  discussed. 
This  work  is  supported  by  INTAS  (grant  94-2753). 


ARE  OUR  IDEAS  ABOUT  DST  CORRECT? 

A.  Grafe,  GeoForschungsZentrum  Potsdam,  Telegrafenberg,  14473  Potsdam,  Germany, 
grafe@gfz-potsdam.de 

Since  the  sixties  of  this  century  we  have  generally  the  idea  of  two  seperate  storm  time  ring 
ring  currents,  a  symmetric  and  an  asymmetric  one.  Thereby  it  was  concluded  from  Dst  the 
real  existence  of  a  symmetric  equatorial  ring  current.  However,  on  the  other  hand  from  the 
asymmetric  development  of  the  low  latitude  geomagnetic  disturbance  field  during  storms  it 
was  concluded  the  real  existence  of  an  asymmetric  ring  current.  I  think  it  is  time  to  inquire 
whether  this  conception  is  correct. 

In  order  to  answer  this  question  I  have  investigated  the  development  of  the  low  latitude 
geomagnetic  field  at  all  magnetic  local  times  during  disturbed  and  quiet  conditions.  The 
storm  on  February  8/9,  1986  as  well  as  a  statistic  analysis  of  many  storms  has  shown  that 
the  asymmetry  does  not  vanish  during  the  storm  recovery  phase.  The  ratio  between  the 
recovery  phase  asymmetry  and  the  main  phase  asymmetry  is  low  only  for  strong  storms  and 
not  for  less  strong  storms.  The  global  picture  of  the  field  evolution  of  the  February  storm 
shows  clearly  differences  at  different  local  times.  For  instance  the  main  phase  and  recovery 
phase  start  time  does  not  agree  with  Dst.  On  the  other  hand  the  ring  current  decay  is 
different  at  different  local  times.  Therefore,  Dst  gives  an  incorrect  picture  of  the  field 
development. 

Morever,  also  the  investigation  of  the  low  latitude  magnetic  field  during  international  quiet 
days  shows  not  a  disappearing  of  the  asymmetry. 

Taking  into  account  all  these  observations  I  think  we  must  revise  our  picture  which  we  have 
about  the  ring  current  I  have  the  opinion  that  exists  only  one  ring  current  which  is  asymme¬ 
tric.  This  asymmetry  increases  during  storms  and  develops  rather  fast  to  more  or  less 
symmetric  conditions.  However,  in  no  case  it  is  justified  to  conclude  from  Dst  an  existence 
of  a  symmetric  ring  current. 
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ORDERING  OF  ELECTRON  ANISOTROPY  IN  THE  LOW- 
LATITUDE  BOUNDARY  LAYER 

Mike  Hapgood  and  Mike  Lockwood 

Rutherford  Appleton  Laboratory.  Chilton,  Didcot,  Oxfordshire,  UK,  0X11 
OQX. 

Enhanced  fluxes  of  100  eV  to  1  keV  electrons  parallel  and  anti-parallel  to  the 
magnetic  field  are  observed  during  most  crossings  of  the  low-latitude  bound¬ 
ary  layer  (LLBL).  We  show  that  these  ’’counter-streaming  electrons”  are  well- 
ordered  by  the  magnetopause  transition  parameter  of  Hapgood  and  Bryant 
(1992).  which  also  orders  other  independent  quantities  such  as  the  magnetic 
field  and  ion  bulk  velocity.  These  results  will  be  discussed  in  the  context  of  a 
reconnection  model  of  the  LLBL. 


THE  MAGNETOPAUSE  TRANSITION  PARAMETER  AND  THE 
WHALEN  TEST 

Mike  Hapgood  and  Mike  Lockwood 

Rutherford  Appleton  Laboratory,  Chilton,  Didcot,  Oxfordshire,  UK  0X11 
OQX. 

The  magnetopause  transition  parameter,  which  is  derived  from  the  electron 
number  density  and  perpendicular  temperature  in  the  low-latitude  boundary 
layer  (LLBL),  has  a  remarkable  ability  to  order  other  independent  plasma  pa¬ 
rameters  such  as  the  components  of  the  magnetic  field.  We  present  here  new 
results  showing  that  the  transition  parameter  can  also  be  used  to  select  mag¬ 
netic  field  and  ion  bulk  velocity  data  for  the  Whalen  test.  This  test  is  a  quanti¬ 
tative  test  for  the  presence  of  magnetohydrodynamic  discontinuities  threaded 
by  a  normal  magnetic  field,  the  existence  of  which  is  predicted  by  the  recon¬ 
nection  theory  of  the  LLBL.  This  provides  further  support  for  suggestion  that 
the  transition  parameter  works  because  it  is  directly  related  to  the  time  since 
a  flux  tube  was  reconnected. 


MAGNETOPAUSE  MOTIONS  AS  OBSERVED  BY  GEOTAIL 
SATELLITE 

Nickolay  V.  Ivchenko  (1),  David  G.  Sibeck  (2)  and  K.  Takahashi  (3) 

(1)  Alfven  Laboratory,  Royal  Institute  of  Technology,  Stockholm,  Sweden, 

(2)  JHU/APL,  Laurel,  MD,  (3)  STEL,  University  of  Nagoya,  Toyokawa.  Japan. 

Geotail  is  a  favourable  spacecraft  for  dayside  magnetopause  studies  due  to  the 
existense  of  scimming”  passes,  when  the  spacescraft  moves  along  the  mag¬ 
netopause  surface  for  long  times.  A  survey  of  Geotail  magnetopause  observa¬ 
tions  in  1995-97  is  presented.  Surface  motions  are  studied  statistically  consid¬ 
ering  multiple  crossing  occurence  rate.  Multiple  crossings  are  an  indication  of 
quasiperiodic  motions  and  surface  waves  on  the  magnetopause.  Such  motions 
are  found  to  be  more  pronounced  for  directions  of  the  magnetic  fields  in  the 
magnetosheath  and  in  the  magnetosphere  close  to  parallel  and  antiparallel.  and 
high  solar  wind  velocities.  This  latter  dependence  is.  however,  less  significant 
than  sometimes  suggested.  Directions  of  the  normal  to  the  magnetopause  were 
determined  using  minimum  variance  technique.  The  deflections  in  the  east- west 
direction  were  found  to  be  larger  than  those  in  north-south  plane,  indicating 
north-south  aligned  ridges  propagating  azimuthally.  Examples  of  quasiperiodi¬ 
cal  motion  of  the  magnetopause  and  extremely  large  magnetopause  expansions 
are  presented  and  their  possible  nature  is  discussed. 


IMP  8  OBSERVATIONS  OF  MAGNETICALLY  OPEN  MAGNETOTAIL 
DURING  EQUATORIAL  IMFs:  IMPLICATIONS  FOR  RECONNECTION 

Zerefsan  Kaymaz  (ITU.  UUBF) 

Istanbul  TechnicalUniversity,  Faculty  of  Aeronautics  and  Astronautics, 
Maslak,  80626,  Istanbul-Turkey;  e-mail:zerefsan@sariyer.cc.itu.edu.tr. 

Magnetic  field  vector  maps  derived  from  IMP  8  spacecraft  in  the 
magnetosheath  and  magnetotail  at  -30  Re  show  the  global  geometrical 
properties  of  the  magnetically  open  magnetosphere.  During  strong 
equatorial  IMFs,  both  the  magnetosheath  and  the  magnetotail  magnetic 
fields  undergo  several  asymmetric  behavior  in  a  manner  which  will  be 
caused  by  the  dayside  reconnection  of  the  IMF  y-component  with  the  Earth's 
northward  dipole  field  lines  at  the  magnetopause.  The  draping  of  the 
magnetic  field  lines  around  the  magnetosphere  shows  a  strong  twist  with 
respect  to  the  concurrent  IMF  direction.  The  partial  penetration  of  the 
interplanetary  magnetic  field,  concentration  of  the  penetrated  fields  along 
the  tail’s  flanks,  unequal  rotation  of  the  tail's  current  sheet,  twisting  of  the 
tail  field  lines  are  observed  in  the  magnetotail.  When  one  combines  these 
signatures  observed  in  the  magnetosheah  and  ta.il,  they  can  be  interpreted 
as  the  signatures  of  the  magnetopause  reconnection  mapped  at  30  Re  in  the 
magnetotail.  MHD  model  results  for  strong  equtorial  IMFs  show  the  similar 
features  as  in  IMP  8's  magnetic  field  maps.  The  plasma  data  from  IMP  8 
will  also  be  presented  and  the  features  seen  in  both  the  field  and  plasma 
maps  will  be  discussed  in  terms  of  the  signatures  of  the  dayside  reconnection. 


SUBSTOR.VI  DIFFERENTIAL  MAGNETOSPHERIC  CURRENTS! 
ESTIMATED  BY  CRRES  DATA  1 

T.V.  Kozelova,  B.V.  Kozelov,  L.L.  Lazutin  (Polar  Geophysical  Institute,  Apatity, 
Russia,  e-mail:  kozeIov@pgi-ksc.murmansk.su), 

H.  Singer  (Space  Environment  Laboratory,  NOAA,  Boulder  USA), 

R.  Rasinkangas  (Unirversity  of  Oulu,  Finland), 

A.  Korth  (Max-Planck-Institute  f<r  Aeronomie,  Katlenburg-Lindau,  Germany) 

Magnetic  field  variations  from  the  CRRES  spacecraft  at  the  midnigth  sector  of  the 
magnetosphere  are  studied  to  estimate  the  changes  in  the  near-Earth  cross-field 
current.  The  differentia!  vectors  of  the  magnetic  field  dB(t)=  B(t+dt)  -  B(t)  have  been 
used  to  identify  the  current  perturbations  during  the  individual  substorm  activations. 
Two  models  of  the  currents  have  been  used  to  interpret  the  magnetic  field 
perturbations.  First  mode!  is  the  line  current  model.  We  assume  that  the  equivalent 
current  restricted  to  the  equatorial  plane  has  arbitrary  orientation.  Another  one  is  the 
current  loop  model  contained  cross-field  current  in  the  plane  of  dipole  magnetic 
equator  and  the  field-aligned  currents.  The  direction  of  current  in  the  loop  may  be 
arbitrary.  We  investigated  a  few  substorms.  Large  changes  of  differential  currents, 
such  as  rapid  dynamical  changes  in  the  location,  magnitude  and  orientation  of  the 
perturbation  current,  occur  in  the  region  where  the  local  magnetic  field  dipolization  is 
observed. 


I  POSSIBILITY  OF  TOMOGRAPHIC  INVESTIGATION  OF  MAGNETIC 
:  RECONNECTION  IN  EARTH’S  MAGNETOSPHERE 
V.E.Kunitsyn,  I.V.Silin. 

Physics  Facu!ty,Moscow  University, Moscow  1 19899,  Russia; 

E-mail:  silin@nabla.phys.msu.su . 

Several  regimes  have  been  proposed  for  the  process  of  magnetic  field  lines  merging. 
However,  it  is  unclear  which  of  them  actually  takes  place  in  Earth’s  magnetosphere 
and  it’s  fine  structure  is  not  yet  defined,  because  untill  recently  most  of  the  data, 
concerning  magnetosperic  substorms  and  reconnection  on  the  day-side  of 
plasmapause  contained  only  integral  features  of  the  phenomenon. 

A  method  of  radiosounding  by  several  sattelites  is  proposed  to  be  applied  to 
reconstruct  plasma  density  and  magnetic  field  distribution  in  the  most  crucial  regions. 
Various  schemes  of  sattelite  orbits  are  proposed.  Computer  simulations  with  different 
plasma  configurations  and  velocities  predicted  by  theories  and  recent  observations 
are  used  to  estimate  the  most  appropriate  conditions  for  the  geometry  of  the 
experiment  and  the  precision  of  the  results. 
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OVERVIEW  ON  THE  INNER  MAGNETOSPHERE  VARIATIONS 
OBSERVED  BY  LIULIN  INSRTUMENT  ON  MIR  SPACE  STATION 

I  F  LEMAIRE#.  Ts.P.  DACHEV*,  B.T.  TOMOV*,  Yu.N.  MATVIICHUK*.  R.T. 
KOLEVA*,  J.V.  SEMKOVA*,  V.M.  PETROV+,  V.A.  SHURSHAKOV+, 

#  Institut  d’Aeronomie  spatiale  de  Belgique,  Avenue  circulaire,  3,  1 180 
BRUXELLES,  Belgique,  e-mail:  jl@oma.be; 

’Solar-Terrestrial  Influences  Laboratory,  Acad.  G.  Bonchev  Str.  Block  3,  1113 
Sofia,  Bulgaria,  e-mail:  stilrad@bgcict.acad.bg;; 

+  State  Scientific  Center  of  Russian  Federation,  Institute  of  Biomedical 
Problems,  Khoroshovskoye  Sh.  76-a,  123007  Moscow,  Russia,  e-mail:  Institute  of 
Biomedical  Problems,  Russia,  shurshakov@mmcc.ibmp.rssi.ru. 

A  comprehensive  overview  of  all  LIULIN  observations  in  the  inner  magnetosphere 
is  presented.  The  fixed  locations  of  the  instrument  in  the  MIR  manned 
compartment  behind  6-15  g/cm2  of  shielding  have  permitted  homogeneous  series  of 
particle  fluxes  and  doses  data  to  be  obtained  during  the  declining  phase  of  22nd 
solar  cycle  between  September,  1989  and  April,  1994.  An  analysis  of  the  dynamics 
of  the  observed  in  the  inner  magnetosphere  “main”,  “second”  and  “new”  radiation 
maxima  is  presented.  The  measured  data  are  compared  with  the  UNIRAD  model 
values,  which  have  been  obtained  with  the  latest  version  of  the  software  package, 
developed  for  ESA  at  the  Belgian  Institute  for  Space  Aeronomy. 


THE  SPATIAL  STRUCTURE  OF  MHD  -  OSCILLATION  FIELD, 
EXCITED  IN  THE  MAGNETOSPHERE  BY  LOCAL  MONO¬ 
CHROMATIC  SOURCE  IN  THE  IONOSPHERE 

A.S.  Leonovich  and  V.A.  Mazur 

Institute  of  Solar-Terrestrial  Physics,  664033  Irkutsk,  P.O.Box  4026,  Russia, 
leonfiiszf . irk.ru 

We  have  constructed  a  theory  for  standing  Alfven  waves  driven  in  the  magne¬ 
tosphere  by  a  monochromatic  source  localized  in  the  ionosphere.  It  is  shown 
that  a  dominant  role  in  such  oscillations  is  played  by  harmonics  with  large 
azimuthal  wave  numbers  with  m  1.  We  explore  the  possibility  of  such  oscil¬ 
lations  being  excited  during  active  experiments  on  periodic  (with  the  period  of 
Alfven  eigenmodes  of  the  magnetosphere)  ionospheric  modifications.  Our  study 
has  made  it  apparent  that  the  measured  distance  between  local  maxima  of  the 
amplitude  of  oscillations  excited  in  such  an  experiment  can  be  used  to  infer 
the  value  of  the  polarization  splitting  of  the  spectrum  between  poloidal  and 
toroidal  eigenmodes  of  the  magnetosphere. 


MAGNETIC  EFFECTS  OF  FIELD-ALIGNED  CURRENTS 
A.  E.  Levitin 

Institute  of  Terrestrial  Magnetism  and  Radio  Wave  Propogation,  Troitsk, 
Moscow  Region,  142092  Russia. 

gromovafitop.izmiran.troitsk.ru 

The  calculation  of  magnetic  fields  values  from  field-aligned  currents  {FAC)  is 
fulfilled  in  the  subsolar  point  and  near  equator  on  the  magnetosphere  night 
side.  It  was  realized  with  using  IZMEM  model  where  FAC{$,  MLT,  Bt ,  By) 
are  determined  in  the  area  poleward  from  ~  60  deg  for  three  seasons  as  function 
of  Bz  and  By  IMF  [1].  The  role  of  magnetic  fields  from  FAC  in  the  processes  of 
interaction  solar  wind  with  magnetosphere  and  ’depolarization’  of  geomagnetic 
field  lines  in  the  period  of  magnetospheric  disturbances  is  very  serious.  Besides 
values  of  the  magnetic  field  connected  with  movement  FAC  only  in  the  period 
of  substorm  were  calculated  in  points  where  AE  index  stations  are  located. 
These  magnetic  field  values  may  be  equal  ~  20%  of  AE  amplitude.  The  mag¬ 
netic  field  variations  calculating  with  the  IZMEM  field-aligned  currents  model 
are  compared  with  TRIAD  and  MAGS  AT  satellites  measurements.  F  AC  in¬ 
fluence  on  cosmic  rays  in  the  polar  cap  is  also  analyzed.  It  is  shown  that  the 
magnetic  field  from  FAC($,  MLT)  create  the  daily  variation  of  cosmic  rays 
intensity. 

1.  Levitin  A.E.  et  al.  Geomagnetic  variation  and  field-aligned  currents  at  north¬ 
ern  high-latitudes  and  their  relations  to  the  solar  wind  parameters,  Philos. 
Trans.  R.  Soc.  London,  Ser.  A.,  304,  p.253-301,  1982. 


Effects  of  Bz  and  By  IMF  Components  on  the  Dst  variation 

Yu.P.  Maltsev  and  B.V.  Rezhenov  (Polar  Geophysical  Institute,  Apatity,  184200, 
Russia) 

We  have  studied  the  response  of  the  hourly  Dst  index  to  the  IMF  By  component  in 
several  ranges  of  the  IMF  Bz.  Processing  the  data  throughout  the  28  year  period 
showed  no  distinct  dependence  of  the  response  of  Dst  on  the  IMF  By  in  all  the  ranges 
of  Bz.  At  the  same  time  the  dependence  on  Bz  is  clearly  seen  at  any  By.  Hence  one 
can  conclude  that  the  storm  activity  is  controlled  by  the  magnetic  flux  transport  from 
the  dayside  to  the  magnetotail  rather  than  by  the  energy  input  into  the  magnetosphere. 


Storm  Effect  on  the  Bulk  Magnetic  Field  in  the  Magnetosphere 

Yu.P.  Maltsev,  A. A.  Ostapenko  (Polar  Geophysical  Institute,  Apatity,  184200,  Russia) 

We  used  60,000  magnetic  measurements  from  the  database  of  Fairfield  et  al.  [JGR, 
1994,  V.99,  11319]  for  studying  the  differential  response  of  the  magnetic  field  at 
distances  of -30  Re  <  X  <  10  Re  to  changes  in  the  Dst  index.  The  response  results  in 
increasing  of  both  the  cross-tail  and  ring  currents.  An  interesting  peculiarity  of  the 
storm  time  depression  is  the  absence  of  positive  variation  of  the  magnetic  z-component 
throughout  the  magnetosphere  that  evidences  the  dominant  role  of  the  cross-tail 
current. 


ON  THE  SELFCONSISTENT  PROFILES  IN  COLLISIONLESS 
PLASMA  WITH  ADIABATIC  PARTICLE  MOTION 

S.  A.  Martjanov 

Institute  of  Nuclear  Physics,  119899  Moscow,  Russia,  Institute  of  Nuclear 
Physics,  119899  Moscow,  Russia. 
slavafidecl.npi.msu.su/Fax:  7[095]  939  3553 

The  technique  is  proposed  to  obtain  the  selfconsistent  profiles  in  collisionless 
plasma,  which  considerably  facilitates  both  the  calculation  of  the  particle  orbits 
and  the  electromagnetic  field.  The  orbit  calculation  is  performed  implicitly 
using  the  adiabatic  approximation  with  the  corresponding  integrals  of  motion 
being  taken  into  account.  The  field  calculation  is  considerably  simplified  due  to 
the  appropriate  curvilinear  coordinates.  The  technique  is  designed  to  become 
a  modification  of  particle-in-cell  codes  [e.g.,  Birdsall  and  Langdon,  1985].  The 
simplest  model,  which  demonstrates  the  merits  of  the  technique,  describes  the 
cloud  of  plasma  in  the  dipole  magnetic  field  with  application  to  near-equatorial 
plasma  of  the  inner  magnetosphere  (4<L<10)  [Lemaire  and  Scherer,  1974). 
Another  possible  application  of  the  technique  deals  with  the  modeling  of  the 
plasma  convection  in  the  near-Earth  magnetotail  [Pritchett  and  Coroniti,  1995]. 
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PENETRATION  OF  THE  SOLAR  WIND  PLASMA  INTO  MAG¬ 
NETOSPHERE 

S.  A.  Martjanov 

Institute  of  Nuclear  Physics,  119899  Moscow,  Russia,  Institute  of  Nuclear 
Physics,  119899  Moscow,  Russia. 
slavaCdecl.npi.msu.su/Fax:  7[095]  939  3553 

The  penetration  of  the  charged  particles  along  open  field  lines  is  calculated 
in  a  spherical  magnetospheric  model.  This  simplest  model  allows  to  obtain 
analytical  expressions  for  the  magnetospheric  magnetic  and  electric  fields.  The 
distribution  of  plasma  density  inside  the  magnetosphere  was  determined  by 
its  value  at  the  magnetopause.  Simulations  were  perfomed  along  the  magnetic 
open  flux  tubes  for  the  energetic  paticles.  The  drift  approximation  is  used. 


NONGYROTROPIC  GYRATING  ION  DISTRIBUTIONS  AND 
LOW  FREQUENCY  WAVES  IN  THE  EARTH’S  FORESHOCK:  A 
DETAILED  CASE  STUDY 

C.  Mazelle  (1),  K.  Meziane  (2),  D.  Le  Queau  (1),  R.P.  Lin  (2),  D.  Larson  (2), 
G.  Parks  (3)  and  R.P.  Lepping  (4) 

(1)  CESR,  CNRS/UPS,  9  Avenue  Colonel-Roche,  31028  Toulouse  Cedex 
4,  France,  (2)  Space  Sciences  Laboratory,  University  of  California,  Berke¬ 
ley,  USA,  (3)  Geophysic  Program,  University  of  Washington,  Seattle,  USA, 
(4)  NASA/GSFC,  Greenbelt,  MD  20771,  USA. 
mazelleCcesr .  cnes  .  f r/Fax:  [33]  561-55-67-01 

We  exhibit  the  3D  structure  of  gyrating  ion  distributions  observed  up¬ 
stream  from  the  Earth’s  bow  shock,  using  WIND/3DP  experiment.  Accord¬ 
ing  with  previous  observations,  these  distributions  are  associated  with  quasi- 
monochromatic  low  frequency  electromagnetic  waves.  Complete  correlative 
analysis  of  the  particle  and  magnetic  field  data  is  performed.  This  study  indi¬ 
cates  several  evidence  for  wave-particle  interaction.  Then  we  use  the  observed 
plasma  parameters  to  solve  the  linear  Maxwell- Vlasov  dispersion  relation.  We 
compare  the  theoretical  predictions  with  the  observations  and  discuss  the  pos¬ 
sibility  of  nonlinear  trapping. 


DEPENDENCE  OF  UPSTREAM  ION  BEAM  DENSITIES  UPON  ” 
DISTANCE  FROM  THE  EARTH’S  BOW  SHOCK 

K.  Meziane  (1),  M.  Wilber  (2),  G.  K.  Parks  (2),  R.  P.  Lin  (1),  D.  E.  Lar¬ 
son  (1),  C.  Mazelle  (3)  and  D.  LeQeau  (3) 

(1)  Space  Sciences  Laboratory,  University  of  California,  Berkeley,  94720, 

(2)  Box  351650,  Geophysics,  University  of  Washington,  Seattle,  WA,  98195, 

(3)  Centre  d’Etudes  Spatiales  et  des  Rayonnements,  Toulouse,  31028,  France. 
karioCssl.berkeley.edu/Fax:  [1]  510  643-8302 

The  Earth’s  bow  shock  reflects  continuously  a  small  portion  of  the  incident 
solar  wind  ions,  and  these  propagate  against  the  flow,  roughly  along  the  inter¬ 
planetary  magnetic  field  direction.  These  ions  travel  a  significant  distance  from 
the  shock.  Reflected  ion  beams  provide  a  source  of  free  energy  for  instabilities, 
yet  can  be  seen  a  significant  distance  (>  40 Re)  from  the  shock.  Waves  are  ex¬ 
cited,  wich  in  turn  induce  pitch-angle  scattering,  leading  to  a  nearly  isotropic 
distribution  function.  In  the  case  of  an  electromagnetic  ion-ion  beam  instabil¬ 
ity,  an  attenuation  of  the  ion  beam  density  would  be  expected.  We  report  on 
\\  IND-3DP  observations,  and  show  that  there  is  a  strong  correlation  between 
the  ion  beam  density  and  the  observed  beam  location  from  the  bow  shock.  We 
also  find  that  near  the  shock  the  range  of  densities  is  small.  We  discuss  these  ob¬ 
servations  and  compare  them  with  theoretical  predictions  about  wave-particle 
interactions  occuring  in  the  Earth’s  foreshock. 


MECHANISMS  OF  FORMATION  OF  THE  OBSERVED 
PECULIARITIES  IN  ENERGETIC  ELECTRON  SPECTRA  IN  THE 
EARTH’S  MAGNETOSPHERE. 

Yu.V.Mineev 

Skobeltsyn  Institute  of  Nuclear  Physics,  Moscow  State  University 
mineev@srdlan. npi.msu.su/Fax:  095-939-50-34 

During  the  two  last  cycles  of  solar  activity  (21  and  22  cycles)  the  data  on  spectra 
and  fluxes  of  energetic  electrons  were  obtained  onboard  satellites  “Molnija-I". 
“Intercosmos- 19”,  “Cosmos- 1686”  by  means  of  the  same  type  of  an  electron 
spectrometer.  Stable  phenomena  for  differential  energetic  spectra  of  electrons  were 
obtained:  a)  “maximum”  for  energies  Ee~l  MeV  in  the  outer  radiaiton  belt  on 
L-3.0-4.5  during  quiet  geomagnetic  periods  (Ds,<-30  nTl);  b)  “minimum"  or 
“plateau”  for  energies  Ee~0.6-1.0  MeV  in  the  inner  radiaiton  belt  on  L- 1.1-1. 3 
independently  of  geomagnetic  conditions.  The  impact  of  solar  activity  on  the 
magnitude  of  these  phenomena  is  considered.  The  cause  of  the  “maximum" 
appearance  is  presumably  the  energy  dependence  of  the  electron  life  time  which  is 
connected  with  scattering  due  to  wave-particle  interaction  of  electrons  and  ion- 
cyclotron  waves.  The  mechanism  of  acceleration  under  the  influence  of 
quasiperiodic  electric  field  is  used  to  explain  variations  of  energetic  electrons  in  the 
inner  radiaiton  belt.  For  instance,  geosyncronous  acceleration,  when  electrons  are 
resonantly  accelerated  by  fluctuations  of  electric  field,  created  by  ionospheric 
currents  modulations. 


Qasistatic  Electric  Fields  in  and  near  the  Northern  Cusp 

A.  Pedersen  (1),  F.S.  Mozer  (2)  and  C.T.  Russell  (3) 

(1)  Department  of  Physics,  University  of  Oslo,  Norway,  (2)  Space 
Science  Laboratory,  University  of  California,  Berkely,  USA,  (3)  Inst, 
of  Geophysics  and  Planetary  Physics,-  University  of  California, 

Los  Angeles,  USA 

The  electric  field  double  probe  experiment  on  Polar  yields  information 
about  the  quasistatic  convective  component  of  the  electric  field  in  a 
tenuous  plasma  provided  that  the  magnetic  field  direction  relative  to 
the  spacecraft  is  favourable.  A  number  of  cusp  crossings,  selected  for 
good  analysis  conditions,  have  been  studied  on  the  background  of 
classes  of  solar  wind  conditions.  Average  convections,  often  below  the 
sensitivity  threshold  of  particle  experiments,  can  be  determined.  Field- 
aligned  flow  on  polar  field  lines  influences  the  electric  field 
measurements  and  complicates  data  analysis.  However  this  may  also  be 
turned  into  a  useful  indicator  of  ion  flow  out  along  the  magnetic  field; 
this  is  at  present  a  topic  at  an  early  stage  of  preparation. 


MULTI-SPACECRAFT  STUDIES  OF  SUBSTORMS 

A.  A.  Petrukovich  (1),  L.  M.  Zelenyi  (1)  and  T.  Mukai  (2) 

(1)  Space  Research  Institute,  Moscow,  Russia,  (2)  Institute  of  Space  and  As- 
tronautical  Science,  Japan, 
apetrukofiiki . rssi . ru 

We  present  Interball-Tail  and  Geotail  observations  of  substonns  as  a  good  ex¬ 
ample  of  the  newly  available  multispacecraft  data.  Interball-Tail  in  a  high  in¬ 
clination  orbit  and  Geotail  in  an  equatorial  orbit  well  complement  each  other. 
Starting  from  the  1995,  four  months  of  joint  observations  during  every  win¬ 
ter  season  are  available.  However,  even  in  such  a  case,  spacecraft  conjunctions 
which  permit  to  make  precise  timing  and  scaling  of  substorm  signatures  are  very 
rare.  In  one  such  event  detailed  studies  of  an  isolated  activation  on  November 
28,  1995  have  shown  that:  Reconnection  onset  occurred  at  X  =  -15 RE  and 
produced  the  tailward  moving  plasmoid  and  earthward  bursty  flows.  The  bright 
aurora!  break-up  was  delayed  by  1-2  minutes  after  the  onset  of  tail  reconnec¬ 
tion.  Another  approach  to  the  analysis  of  multispacecraft  data  is  comparison  of 
measurements  taken  at  different  magnetospheric  regions.  An  important  baseline 
for  such  studies  is  availabibily  of  suitable  magnetotail  models.  We  compared 
simultaneous  pressure  measurements  by  Interball-Tail  in  the  high-latitude  lobe 
and  by  Geotail  in  the  plasma  sheet.  In  few  substorms  the  plasma  sheet  pres¬ 
sure  peaks  were  observed  at  the  onset.  During  expansion  and  recovery  phases 
of  many  substorms  the  plasma  sheet  pressure  depletions  (relative  to  lobe  pres¬ 
sure)  were  found.  We  are  grateful  to  many  members  of  Geotai!  and  Interball 
teams  for  the  measurements,  presented  in  this  report. 
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THE  SOLAR  WIND  FLOW  AROUND  THE  EARTH  IN  THE  CGL 
APPROXIMATION 

M.  I.  Pudovkin  and  A.  A.  Samsonov  (Institute  of  Physics,  St.  Petersburg 
State  University,  St.  Petersburg,  Russia  198904) 

Parameters  of  the  magnetosheath  plasma  and  magnetic  field  are  calculated  in 
the  Chu-Goldberger-Low  approximation.  The  pitch-angle  diffusion  of  protons 
is  taken  into  account.  The  comparison  of  the  results  of  calculations  with  ex¬ 
perimental  data  allowed  to  estimate  the  characteristic  time  of  the  temperature 
anisotropy  relaxation  as  100-300  sec 


ON  A  POSSIBLE  SOURCE  OF  GLOBAL  PI2  PULSATIONS  ON 
MIDLATITUDES 
Rakhmatulin  R.A.,  Tabanakov  I.V. 

Institute  of  Solar-Terrestrial  Physics,  664033  Irkutsk.  P.O.Box  4026,  Russia. 
vladmOiszf.irk.ru 

Observations  from  the  Norilsk  meridional  chain  of  stations  (A  =  160° .  $  =  40°  - 
75°  and  a  network  of  midlatitude  observatories  were  used  in  the  analysis  of 
excitation  patterns  of  midlatitude  Pi2  pulsations  at  periods,  of  auroral  sub¬ 
storm  development.  In  the  midnight-evening  sector  of  the  magnetosphere,  the 
dynamic  spectrum  of  auroral  Pi2  has  a  noisy  character,  while  in  midlatitudes 
only  one  dominant  period  is  traceable  in  the  Pi2  spectrum.  In  the  midday  sec¬ 
tor  of  the  magnetosphere,  the  maximum  of  meridional  intensity  distribution 
of  Pi2  pulsations  lies  at  latitudes  of  statistical  plasmapause  projection.  In  the 
auroral  zone,  daytime  Pi2  pulsations  either  are  not  observed  at  all  or  have  an 
amplitude  comparable  with  midlatitudes.  Investigations  of  Pi2  pulsations  us¬ 
ing  data  from  a  global  network  of  midlatitude  observatories  showed  that  these 
pulsations  appear  almost  simultaneously  at  all  stations,  and  dynamic  spectra 
exhibit  a  single  dominant  period  recurring  from  station  to  station.  It  was  also 
ascertained  that  in  most  cases  the  longitudinal  sourse  size  of  midlatitude  Pi2 
pulsations  exceed  the  source  size  in  the  auroral  zone.  Our  studies  suggest  that 
Pi2  pulsations  observed  in  midlatitudes  are  not  the  propagation  effect  from  the 
source  in  high  latitudes  but  are  caused  by  the  development  of  a  global  mode 
in  the  inner  magnetosphere  during  auroral  substorms. 


DYNAMICS  OF  TAIL-LIKE  CURRENT  LAYER  CAUSED  BY 
ANOMALOUS  RESISTIVITY 

A.  V.  Runov  and  M.  I.  Pudovkin  (Institute  of  Physics,  St.  Petersburg  State 
University,  St.  Petersburg,  Russia  198904) 

C.-V.  Meister  (Astrophysical  Institute  Potsdam,  Potsdam  14469,  Germany) 

A  two-dimensional  MHD-model  of  magnetic  reconnection  in  a  plasma  with  dif¬ 
ferent  types  of  microturbulence  excited  locally  at  different  distances  from  the 
magnetic  neutral  line  is  proposed.  It  is  supposed  that  an  anomalous  resistiv¬ 
ity  pulse  with  a  peak  at  the  magnetic  neutral  sheet,  may  be  caused  by  some 
current-driven  instability,  initiates  the  reconnection  process.  Additionally,  the 
lower-hybrid-drift  (LHD)  instability  is  generated  by  the  density  gradients  of 
the  current  layer.  It  is  assumed  that  the  LHD-instability  is  saturated  by  cur¬ 
rent  relaxation.  Then  the  temporal  and  spatial  evolution  of  the  electromagnetic 
field,  the  plasma  density,  pressure  and  convection  are  numerically  found.  The 
feedback  of  the  temporal  changes  of  the  MHD-parameters  on  the  anomalous 
resistivity  is  considered.  It  is  shown  that  the  anomalous  resistivity  causes  in 
the  current  sheet  a  series  of  M HD- waves,  fast  magnetoacoustic  compression 
and  rarefaction  waves,  as  well  as  slow  magnetoacoustic  waves. 


THE  SOLAR  WIND  FLOW  AROUND  THE  EARTH  IN  DEPEN¬ 
DENCE  ON  THE  MAGNETOPAUSE  BOUNDARY  CONDITIONS 

A.  A.  Samsonov  and  M.  I.  Pudovkin 

Institute  of  Physics,  St.  Petersburg  State  University,  St.  Petersburg.  Russia 
198904. 

The  influence  of  the  magnetopause  boundary  conditions  on  the  solar  wind  flow 
around  the  magnetosphere  and  on  the  magnetosheath  parameters  is  investi¬ 
gated  by  means  of  numerical  simulation.  There  is  shown  that  the  erosion  and 
flattening  of  the  magnetopause  during  the  periods  of  the  southward  IMF  results 
in  the  increase  of  the  magnetic  field  intensity  in  the  magnetic  barrier  region. 
Electric  currents  distribution  in  the  magnetic  barrier  and  in  the  magnetopause 
is  studied. 


ON  THE  WAVE  PROPAGATION  AND  POLARIZATION  OF  ELF 
EMISSIONS  OBSERVED  BY  FREJA  AROUND  LOCAL  PROTON 
GYRO-FREQUENCY 
O.  Santolik  (1)  and  M.  Parrot  (2) 

(1)  Faculty  of  Mathematics  and  Physics,  Charles  University,  Prague,  Czech 
Republic,  (2)  Laboratoire  de  Physique  et  Chimie  de  l’Environnement,  Centre 
National  de  la  Recherche  Scientifique,  Orleans,  France. 

We  investigate  the  propagation  and  polarization  characteristics  of  electromag¬ 
netic  emissions  around  the  proton  gyro-frequency  (/h+)  in  the  auroral  and 
sub-auroral  regions.  The  data  of  the  low-orbiting  Freja  satellite  are  examined 
using  a  multicomponent  measurement  of  electric  and  magnetic  field  in  ELF 
range.  We  confirm  previous  results  on  the  properties  of  high-latitude  hiss  with 
a  sharp  cut-off  just  below  /H+.  The  waves  are  down-going  and  their  reflection 
at  lower  altitudes  could  explain  the  up-going  emissions  on  both  poleward  and 
equatorward  edges  of  the  hiss.  The  high  latitude  emissions  below  /h+  contain 
right-hand  circularly  polarized  waves  often  propagating  parallel  to  the  terres¬ 
trial  magnetic  field.  A  statistical  study  shows  that  these  emissions  occur  outside 
the  plasmasphere.  mainly  at  auroral  latitudes.  The  maximum  wave  power  is 
observed  before  the  local  noon,  and  no  events  have  been  detected  during  the 
local  night.  The  analysis  shows  nearly  circular  and  right-handed  polarization 
and  downward  nearly  field  aligned  propagation.  An  experimental  estimation  of 
phase  velocity  modulus  is  in  a  rough  agreement  with  the  cold  plasma  theory. 
The  origin  of  these  emissions  could  be  possibly  explained  by  the  tunnelling  of 
the  down-going  auroral  hiss  below  the  two-ion  cut-off  frequency. 


PLASMA  CONVECTION  IN  THE  NEAR-POLE  REGION  OF 
IONOSPHERE  AND  THE  STRUCTURE  OF  POLAR  CAP 
D.Sh.  Shirapov,  V.M.  Mishin,  V.D.  Urbanovich,  and  V.V.  Mishin 
Institute  of  Solar-Terrestrial  Physics,  P.O.Box  4026,  Irkutsk  664033,  Russia. 
mishinCiszf.irk.ru 

It  is  known  that  the  near-pole  region  of  ionosphere  (diameter  about  10  degrees 
of  latitude)  is  almost  always  free  of  precipitating  energetic  particles  during 
both  the  southward  and  northward  IMF.  This  paper  will  show  in  addition  that 
the  field  lines,  threading  the  above-mentioned  near-pole  region,  do  not  take 
part  both  in  the  global  two-cell  plasma  convection  and  in  the  energy  transport 
from  the  solar  wind  to  the  magnetosphere,  even  when  the  IMF  is  southward. 
This  paper  proposes  a  model  of  the  magnetic  tail  with  two  essentially  different 
parts.  The  external  part  consists  of  field  lines  connected  with  the  southward 
IMF  which  takes  them  away  to  a  distance  LI  where  they  reconnect  and  re¬ 
turn  (as  in  the  Dungev  model).  The  internal  part  of  the  tail  consists  of  field 
lines  with  length  L2>L1.  which  do  not  take  part  in  the  convection  caused  by 
dayside  magnetic  merging.  Therefore,  plasma  convection  flows  round  the  near- 
pole  region.  This  feature  of  the  convection  system  is  equivalent  to  the  existence 
of  field-aligned  currents  of  zone  3’  observed  both  in  the  daytime  and  in  later 
hours.  The  analogy  of  the  proposed  model  with  Cowley-Lockwood's  ’’concept 
of  zero-flow  equilibrium”  is  discussed. 
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INTERHEMISPHERIC  PROPAGATION  OF  HF  WAVES  IN  THE 
MAGNETOSPHERE 

D.  M.  Sulic  and  D.P.  Grubor 

Geomagnetic  Institute,  1 1306  Grocka,  Belgrade,  Yugoslavia 
esulic@ubbg.etf.bg.ac.yu 

A  trough  located  at  low  and  middle  latitude  magnetosphere  is  capable  to  guide 
interhem ispheric  HF  waves.  In  this  paper  ray  tracing  results  on  guidence  of  HF 
waves  in  magnetosphere  are  presented.  HF  waves  in  frequency  range  from  3  MHz 
to  58  MHz  can  be  guided  by  a  trough  located  at  L  =  1.214.  All  these  waves  were 
started  at  500  km  altitude  with  initial  wave  normal  directed  parallel  to  geomagnetic 
field.  As  the  wave  frequency  increases  it  is  necessary  to  reduce  the  effective  width 
of  the  trough.  To  guide  several  tens  of  MHz,  a  trough  has  to  be  modeled  with 
extremely  severe  negative  electron  density  gradient.  For  these  frequencies,  ray  path 
excursions  from  the  trough  center  are  very  small  along  the  whole  path.  The  angle 
between  wave  normal  and  the  geomagnetic  field  direction  has  values  |  y  |  <  1°.  in 
the  middle  latitude  magnetosphere  (summer  day  model)  HF  waves  from  2  MHz  to 
10  MHz  can  be  guided  by  a  trough  at  L  -  2.74.  The  interhem  ispheric  propagation  of 
higher  frequencies  from  this  range  is  obtained  with  very  severe  negative  electron 
density  gradient  in  a  trough.  In  all  these  cases  wave  propagation  is  parallel  to 
geomagnetic  field  direction  and  refractive  index  differs  for  negligible  amount  from 
1.  The  initial  conditions  providing  magnetospheric  guiding  emerge  from 
ionospheric  irregularities  in  assumed  Ne(h)  profile. 


LINEAR  CORRELATIONS  BETWEEN  THE  GLOBAL  GEOMA¬ 
GNETIC  INDEX  KP,  CRRES  IN  FLIGHT  MEASUREMENTS, 
AND  SALAMMBO  2D  PROTON  CODE  RESULTS 

A.  Vacaresse  (1),  D.  Boscher  (1),  3.  Bourdarie  (1),  A.  Korth  (2)  and  R. 
Friedel  (3) 

(I)  ONERA-CERT/DESP,  2  Av.  Edouard  Belin,  BP4025.  31055  Toulouse 
cedex  04  ,  France,  (2)  Max-Planck-Institut  fur  Aeronomie.  Max-Planck-Str. 
2,  D-37191  Katlenburg-Lindau,  Germany,  (3)  Los  Alamos  Laboratory,  MS-2, 
Mail  Stop  D-436.  Los  Alamos,  NM  87545,  USA. 
Angelique.Vacares3eC0necert.fr/Fax:  [33]  5  62  25  25  69 

OXERA-CERT  SPatial  Environment  Department  has  developped  a  physical 
simulation  of  the  radiation  belts  dynamics  for  known  magnetospheric  conditions 
called  the  SALAMMBO  codes.  Part  of  the  problem  now  is  concentrated  on  a 
good  description  of  the  occurence  of  these  magnetospheric  conditions  taking 
into  account  solar  and  magnetic  variability. 

Because  of  several  practical  and  scientific  reasons,  that  we  will  state  about,  we 
have  payed  a  particular  attention  to  the  global  geomagnetic  index  Kp  throught 
a  series  of  linear  correlations  with  CRRES  in  flight  measurements  of  protons 
fluxes  in  order  to  find  a  possible  easy  description  of  storm  phenomena. 

In  the  other  hand,  linear  correlations  between  CRRES  low  energy  proton  fluxes 
measurements  and  SALAMMBO  2D  results  have  been  made  in  order  to  validate 
the  code  and  to  understand  the  way  of  influence  of  the  Kp  index  that  is  used 
as  an  entry  in  this  numerical  code. 


The  Development  of  the  First  Substorm  on  January  10, 1997 

fi  X  Tsurutani,  G.  S.  Lakhina,  C.  M.  Ho,  J.  K.  Arballo,  R.  Sakurai,  B.  Bud  (all  at 
Jet  Propulsion  Laboratory,  California  Institute  of  Technology,  Pasadena,  CA  91 109; 
e-mail:  btsunitani@jplsp.jpl.nasa.gov) 

J.  Pickett  and  D.  A.  Gumett  (University  of  Iowa,  Iowa  City,  52242,  email: 
Pickett@Iowave.physics.uiowa.edu) 

R.  P.  Lepping  (GSFC,  Code  695.0,  Greenbelt,  MD  20771) 

W.  K.  Peterson  (Lockheed  Palo  Alto,  Palo  Alto,  CA  94304) 

G.  Rostoker  (University  of  Alberta,  Edmonton,  Alberta,  Canada  T6G  2S 1) 

The  interplanetary  high-speed  stream  measured  by  WIND  and  the  resultant  first 
Substonn  is  studied  using  Polar  UV  images.  A  47  minute  interval  of  relatively 
intense  southward  directed  fields  (4  to  8  nT)  is  identified  sunward  of  the 
interplanetary  shock  and  antisun  ward  of  the  magnetic  cloud.  Magnetic  reconnection 
through  the  southward  component  of  the  IMF  serves  to  only  transfer  solar  wind 
energy  to  the  magnetosphere.  No  substorm  expansion  phase  occurs  during  the 
interval.  The  substorm  onset  occurs  a  good  20-30  minutes  after  passage  and  is  not 
related  to  either  northward  or  southward  IMF  turnings.  This  substonn  example 
clearly  illustrates  that  this  energy  release  event  was  a  result  of  a  loading-unloading 
process  and  was  not  directly  driven.  There  was  a  UV  auroral  latitude  discontinuity 
at  local  midnight  during  the  loop  event.  Both  a  sun-earth  aligned  (theta)  aurora  and 
an  auroral  pseudo-breakup  were  collocated  with  the  latitudinal  discontinuity.  The 
aurora  developed  into  a  horseshoe  shape  (an  oval  with  a  lack  of  emission  in  the  noon 
sector)  during  the  Bs  event.  With  increasing  time,  the  dawnside  aurora  became 
much  brighter  than  that  on  the  duskside.  Dawnside  PCBL  broadband  waves  and  ion 
fluxes  were  well  correlated.  This  locally  accelerated  ion  population  could  serve  as 
the  seed  population  for  the  later  magnetic  storm  ring-current. 


VIEWING  THE  DIPOLARIZATION  REGION  DURING  SUB¬ 
STORM  ONSET 

L.  I.  Vagina  and  B.  A.  Sergeev 

Institute  of  Physics,  St.  Petersburg  State  University,  St.  Petersburg.  Russia 
198904. 

Using  magnetospheric  sounding  method  and  method  of  midlatitude  magne¬ 
togram  inversion  we  showed  that  the  dipolarization  region  in  the  magnetotail 
can  be  seen  near  the  ionosphere  by  observing  pitch-angle  distributions  of  ener¬ 
getic  particles  at  low  altitude  spacecraft.  We  studied  the  temporal  and  spatial 
evolution  of  boundaries  of  this  region  and  estimated  the  region  and  boundary 
dimensions  during  substorm  onset  for  20  events.  The  results  are  analyzed  in 
terms  of  the  impulsive  magnetotail  reconnection  concept. 


A  LONG  TERM  PHYSICAL  MODEL  FOR  HIGH  ENERGY  LOW 
ALTITUDE  PROTONS 

A.  Vacaresse  (I),  D.  Boscher  (1)  and  S.  Bourdarie  (1) 

(1)  OXERA-CERT/DESP,  2  Av.  Edouard  Belin,  BP4025,  31055  Toulouse 
cedex  04  ,  France. 

Angelique.VacaresseOonecert.fr/Fax:  [33]  5  62  25  25  69 

The  physical  proton  model  SALAMMBO  2D  developped  by  the  OXERA-CERT 
SPatial  Environment  Department  simulate  a  radiation  belt  state  in  the  equa¬ 
torial  plane  for  known  magnetospheric  conditions. 

Starting  from  a  stationary  state  of  the  magnetosphere,  we  want  to  reproduce 
the  long  term  influence  of  the  solar  cycle  on  high  energy  proton  fluxes  us¬ 
ing  the  I0.7cm  solar  flux  variability.  This  solar  activity  interferes  especially 
at  low  altitudes  in  source  processes  throught  the  CRAXD  phenomena,  and 
also  in  loss  processes  throught  thermosphere  density  variations.  Compared  with 
TIROS/NOAA  satellites  high  energy  protons  measurements  from  1976  to  1996, 
results  are  quite  satisfying.  More  than  following  correctly  solar  cycle  variations 
observed  in  proton  fluxes  intensities,  the  code  shows  the  effects  of  magnetic  field 
secular  variation,  so  the  possibility  to  reproduce  temporal  variation  of  South 
Atlantic  Anomaly  position  for  different  low  altitude  orbits.  On  the  other  hand, 
using  the  MSFC  estimated  10.7cm  solar  flux,  this  model  is  capable  to  make 
predictions  for  cycles  23  and  beginning  of  24. 


CIR  RELATED  SUBSTORM  ACTIVITY  OBSERVED  IN  THE 
DISTANT  TAIL 

B.  Wilken  (1),  Q.-G.  Zong  (1),  T.Doke  (2),  S.Kokubun  (3), 

T.Mukai,T.  Yamamoto  (4),  G.D.Reeves  (5)  and  S.  Ullaland  (6) 

(1)  Max-Plane  Institut  fuer  Aeronomie,  D-37191  Katlenburg-Lindau, Germany, 

(2)  Advanced  Research  Center  for  Science  and  Engineering,  Waseda  Uni¬ 
versity, Tokyo,  Japan,  (3)  Department  of  Physics,  Nagoya,  Japan,  (4)  ISAS, 
Sagamihara, Japan,  (5)  Los  Alamos  National  Laboratory,  NM,  USA,  (6)  UOB 
Norway. 

wilken©lininpi.mpg.de/Fax:  [49]  5556  979  139 

The  passage  of  coratating  interaction  regions  (CIR)  caused  quiet  regularly  pe¬ 
riods  of  10  or  more  days  with  enhanced  alithough  moderate  magnetospheric 
activity.  During  such  intervals  GEOTAIL  observed  energetic  particles  in  the 
distant  tail  (at  about  200  RE).  Manifestation  of  substorm  signatures  both  in 
the  dawn/dusk  magnetosheath  and  in  the  central  part  of  the  tail  are  discussed. 
Significant  compositional  changes  (relative  helium  and  oxygen  content)  are  ob¬ 
served  in  the  course  of  substorms. 
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Nonlinear  Mechanism  of  Electromagnetic  Radiation  in  the  Magnetized  Plasma. 

A  K  Yukhimuk,  (E-Mail:  yukhimuk®  mao.kiev.ua);V  A  Yukhimuk  ;V  N  Fedun 
(fedun@astrophys.ups.kiev.ua);  O  G  Falko. 

The  satellite  EXOS-D  [1]  observations  show  that  most  stability  modes  in  the 
magnetosphere  of  the  Earth  in  the  region  high  frequency  (co<0)Be  -  electron  cyclotron 
frequency)  is  the  upper  hybrid  wave.  In  the  [2]  after  analysis  of  the  satellite 
observations  ware  found  the  electromagnetic  waves  with  frequencies  order  upper 
hybrid  waves  (UHW)  in  the  same  region  of  the  magnetosphere.  Presence  of  the 
different  wave  modes  in  the  emission  region  suggests  us  that  the  nonlinear  decay 
processes  may  take  place  in  this  region.  The  decay  of  the  UHW  on  the 
electromagnetic  wave  which  propagate  along  (across)  of  the  external  magnetic  field 
and  kinetic  Alfven  wave  (KAW)  studied  in  this  paper.  Two-fluid 
magnetohydrodynamics  is  used  for  the  description  of  the  waves  nonlinear  parametric 
interaction.  The  nonlinear  dispersion  equation  is  found.  We  found  also  the  instability 
growth  rate  y  and  characteristic  time  t.  In  general,  the  characteristic  time  in  case 
decay  UHW  on  the  left  polarized  electromagnetic  wave  and  KAW  much  less  of  the 
characteristic  time  in  case  decay  UHW  on  the  ordinary  electromagnetic  wave  and 
KAW.  Consequently,  after  decay  of  the  UHW  more  effective  stimulate  the  left 
polarized  electromagnetic  wave.  Our  results  used  for  explain  of  the  low  frequencies 
electromagnetic  radiation  in  the  magnetosphere  of  the  Earth  [2j. 

[1]  H.Oya,  A-Morioka,  K.Kobayashi  et  al.  J.  Geomag.  Geoelectr.  1990,  Vol.  42, 
N4,P.41l. 

[2]  D.Gumett,R.Shaw.J.Geophys.Res.  1973,  Vol.78A,  N34,  P.8136 
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STUDY  OF  HELIUM  ABUNDANCE  IN  LOW-SPEED  SOLAR 
WIND  STREAMS  ON  THE  BASIS  OF  PROGNOZ  7  AND  8  DATA 

0.  G.  Badalyan  (1),  T.  E.  Valchuk  (1),  Yu.  I.  Yermolaev  (2)  and 
M.  A.  Livshits  (1) 

(1)  IZMIRAX,  Troitsk,  Moscow  region,  Russia,  (2)  Space  Research  Institute, 
Moscow  117810,  Russia. 

yermolfiafed.iki.rssi.ru/Fax:  [7]  095  310  7023 

Prognoz  7  and  8  measurements  of  relative  helium  abundance  nQ/np  in  slow  solar 
wind  at  the  Earth’s  orbit  distance  are  analyzed.  The  data  confirm  a  result  that 
rial  rip  strongly  decreases  when  satellite  crosses  a  region  of  the  interplanetary 
magnetic  field  polarity  change.  We  extrapolate  this  region  back  to  the  Sun  (to 
so-called  source  surface  at  2.5  Sun’s  radii)  with  formula  for  expansion  time  t  = 
Arjv,  where  r  and  v  are  the  astronomical  unit  and  minimum  solar  wind  bulk 
velocity  near  IMF  polarity  changing,  respectively,  and  coefficient  A  estimated 
from  measurements  is  about  1.1.  The  region  of. IMF  polarity  change  is  connected 
with  neutral  line  of  global  magneic  field  of  the  Sun,  that  is  a  projection  of 
symmetry  plane  of  low  latitude  streamer. 


LARGE-SCALE  ANOMALOUS  RESISTIVITY  CAUSED  BY 
ELECTROSTATIC  ION-CYCLOTRON  TURBULENCE  IN  THE 
PLASMA  OF  THE  AURORAL  IONOSPHERE 

V.  E.  Zakharov  (1)  and  C.-V.  Meister  (2) 

(1)  University  of  Kaliningrad,  Kaliningrad  236041,  Russia,  (2)  Astrophysical 
Institute  Potsdam,  Potsdam  14469,  Germany. 

The  momentum  and  energy  balance  of  the  plasma  above  the  auroral  iono¬ 
sphere  is  numerically  investigated,  assuming  an  excitation  of  electrostatic  ion- 
cyclotron  (EIC)  waves,  and  taking  the  magnetospheric  convection  and  the  ther¬ 
mal  fluxes  of  the  plasma  into  account.  It  is  shown  that  the  anomalous  resistivity 
of  the  turbulent  plasma  causes  large-scale  differences  of  the  electrostatic  po¬ 
tential  along  the  magnetic  field  lines.  The  potential  differences  then  provide 
the  heating  and  acceleration  of  the  thermal  and  energetic  auroral  plasma.  It 
is  found  that  in  the  quasi-steady  state,  electrostatic  ion-cyclotron  turbulence 
may  cause  differences  of  the  electric  potential  of  1-10  KeV  at  altitudes  of 
500  <  h  <  10000  km  above  the  Earth’s  surface.  In  the  turbulent  region,  the 
ratio  between  the  electron  and  proton  temperatures  strongly  depends  on  the 
value  of  the  model  parameter  C  =  AKl/$,  where  AVj.  is  the  electric  poten¬ 
tial  across  the  magnetic  field,  and  $  is  the  magnetic  flux  in  the  turbulent  flux 
tube.  For  small  values  of  C,  the  heating  rate  of  the  electrons  is  larger  than  the 
heating  of  the  protons.  This  may  result  into  an  excitation  of  the  ion-acoustic 
instability.  For  larger  values  of  C,  on  the  contrary,  the  heating  of  the  protons  is 
larger  than  the  heating  of  the  electrons.  In  this  case,  the  weak  thermal  proton 
conductivity  cannot  prevent  the  increase  of  the  proton  temperature,  and  the 
EIC  turbulence  may  be  damped. 


SOLAR  WIND  INTERACTION  WITH  THE  PHOBOS  GAS 
TORUS:  PHOBOS  EVENTS 

K  Baumgartel  (1),  K.  Sauer  (2),  E.  Dubinin  (2),  V.  Tarrasov 
(3),  M.  Dougherty  (4) 

(1)  AIP  Potsdam,  (2)  MPAe  Katlenburg-Lindau,  (3)  LCISR 
Lviv,  Ukraine,  (4)  Imperial  College,  London,  UK 
kbaumgaertel@aip.  de 

Following  recent  simulations  of  the  Phobos  dust  belt  formation  (Krivov 
and  Hamilton,  1997)  the  effective  dust-induced  charge  density  when  is 
estimated  is  too  small  to  account  for  the  significant  solar  wind  (sw) 
plasma  and  magnetic  field  perturbations  observed  by  the  Phobos- 2 
spacecraft  in  1989  near  the  crossings  of  the  Phobos  orbit.  In  this 
contribution  the  comet-like  sw  interaction  with  the  Phobos  neutral  gas 
torus  is  re-investigated  in  a  two-ion  plasma  model  in  which  the  newly 
created  ions  are  treated  as  unmagnetized,  forming  a  beam  (not  a  ring 
beam)  in  the  sw  frame.  A  linear  instability  analysis  based  on  both  a  cold 
fluid  and  a  kinetic  approach  shows  that  low-frequency  electromagnetic 
ion  beam  waves  may  aquire  high  growth  rates  and  provide  a  likely 
mechanism  to  cause  the  observed  events. 


COMETARY  PLASMA  TAILS  AS  PROBES  OF  LATITUDINAL 
STRUCTURE  IN  THE  SOLAR  WIND 

I.  Brandt.  C.C.  Petersen,  M.  Snow,  Y.  Yi,  and  the  Ulysses  Comet  Watch 
Laboratory  for  Atmospheric  and  Space  Physics,  University  of  Colorado,  Boulder 
brandt@lyrae.colorado.edu 

The  in  situ  measurements  by  the  Ulvsses  spacecraft  clearly  show  the  demarcation 
of  the  solar  wind  into  equatorial  and  polar  regions.  The  UlysSCS  Comet  Watch  was 
organized  as  part  of  an  Interdisciplinary  Science  program  to  explore  cometary  prop¬ 
erties  as  latitudinal  solar-wind  probes.  Three  comets  with  high  inclination  (i)  ap¬ 
peared  recently  which  made  this  study  possible:  de  Vico  (C/122P)  in  1995, 
i=85.4°;  Hyakutake  (C/1996  B2)  in  1996,  i=  124.9°;  Hale-Bopp  (C/1995  Ol)  in 
1997,  i=89.4°.  Monitoring  these  comets  as  they  traversed  the  heliosphere  revealed 
the  following  behavior  (1)  The  appearance  of  the  plasma  tail  in  the  polar  region  is 
relatively  undisturbed  as  expected  from  a  steady  solar  wind.  The  appearance  in  the 
equatorial  region  is  disturbed  as  expected  from  a  region  with  large  variations  in  so¬ 
lar  wind  properties;  (2)  Disconnection  events  (DEs)  occur  only  in  the  equatorial  re¬ 
gion  where  comets  pierce  the  heliospheric  current  sheet  (HCS);  (3)  Solar-wind 
speeds  as  determined  from  the  position  angle  of  the  plasma  tail  are  consistent  with 
average  values  of  750  km/sec  for  the  polar  region  and  450  km/sec  for  the  equatorial 
region.  We  note  that  there  may  be  an  anomalous  orientation  for  comet  Hale-Bopp 
at  the  highest  latitudes.  These  results  show  that  the  properties  of  the  different  re¬ 
gions  are  clearly  reflected  in  comets.  Thus,  the  plasma  tails  of  comets  can  be  used 
to  map  the  heliosphere  in  the  future. 
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Interplanetary  Scintillation  measurements  of  the  Solar 
Wind  during  Whole  Sun  Month 
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W.A.  Coles 
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The  EISCAT  facility  was  used  to  make  more  than  140  observations  of 
solar  wind  velocity  during  the  Whole  Sun  Month  in  August-September 
1996.  when  co-ordinated  measurements  from  ground-based 
observatories  and  instruments  aboard  the  SOHO,  Wind  and  Ulysses 
spacecraft  provided  a  comprehensive  set  of  measurements  covering  a 
full  solar  rotation  The  EISCAT  IPS  measurements  are  of  great 
importance  as  they  provide  a  direct  estimate  of  solar  wind  velocity 
between  15  and  100  solar  radii  (R).  and  so  form  an  essential  link 
between  coronal  observations  and  in-situ  measurements  at  I  AU  (2 1 5 
R)  and  beyond 

In  this  paper  we  discuss  IPS  observations  of  the  solar  wind  above  a 
large  low-latitude  coronal  hole  (the  "Elephant's  Trunk”)  and  discuss 
their  relationship  with  coronal  features  and  structures  detected  by  in- 
situ  measurements  at  I  AU  and  beyond 


Acceleration  of  the  Solar  Wind:  Measurements  of 
irregularity  velocities  and  model  results 

A.R.  Breen,  J  F.  McKenzie 

Max-Phmck  /ns  find  fur  Aeronomie.  Kaflenbmg-I.indatt,  Germany. 
E.U. 

P  J  Moran,  C.A.  Varley,  P.J  S.  Williams 
University  of  Wales,  Aberystwyth.  Wales,  E.U. 

C.  DeForest 

Goddard  Space  flight  Centre,  Greenbelt,  Maryland,  U.S.A. 

Observations  of  the  fast,  high  latitude  solar  wind  have  shown  that 
acceleration  of  the  fast  wind  is  complete  by  10  solar  radii  (R),  while 
measurements  from  the  LASCO  instrument  on  SOHO  have  suggested 
that  the  acceleration  may  take  place  inside  5  R 
A  series  of  observations  were  made  in  September  1997  using  EISCAT 
and  the  C2  and  C3  coronagraphs  aboard  SOHO  to  measure  the  solar 
wind  velocity  profile  from  3  R  out  to  beyond  30  R  The  overlapping 
fields  of  view  of  the  instruments  allowed  direct  comparisons  to  be 
made  between  IPS  and  optical  estimations  of  How  velocity. 

In  this  paper  we  present  the  results  of  these  observations  and  discuss 
the  constraints  they  put  on  models  of  solar  wind  acceleration,  in 
particular  the  latest  version  of  the  Lindau-Warsaw  model  of  fast  wind 
acceleration 


ON  THE  APPLICABILITY  OF  FLUID-MECHANICS  AP¬ 
PROACH  IN  THE  MODELLING  OF  INTERSTELLAR  HYDRO¬ 
GEN  GAS  WITHIN  THE  HELIOSPHERE 

Maciej  Bzowski  (1),  Hans  J.  Fahr  (2)  and  Daniel  Rucinski  (3) 

(1)  Space  Research  Centre  of  the  Polish  Academy  of  Sciences,  Bartycka  18  A, 
00-716  Warsaw,  Poland,  (2)  Institut  fur  Astrophysik  und  Extraterrestrische 
Forschung  der  Universitat  Bonn,  Aufdem  Htigel  71,  D53121,  Bonn,  Germany, 
(3)  Space  Research  Centre  of  the  Polish  Academy  of  Sciences,  Bartycka  18  A, 
00-716  Warsaw,  Poland. 

It  has  been  clearly  seen  for  decades  now  that  interstellar  neutral  gases  en¬ 
ter  the  inner  heliosphere  where  they  are  subject  to  many  ionizing  processes. 
As  reflected  by  large  mean  free  paths  both  for  elastic  and  charge  exchange 
collisions,  the  kinetic  theory  based  on  the  Boltzmann  integro-differential  equa¬ 
tion  is  suggested  as  the  natural  means  of  description.  To  avoid,  however,  the 
highly  time-consuming  computational  efforts  connected  with  a  kinetic  theory, 
attempts  have  recently  been  made  to  describe  the  neutral  heliospheric  gas  as  a 
hydrodynamic  fluid  with  density,  bulk  flow',  and  scalar  temperature  as  proper¬ 
ties.  Higher  velocity  moments  of  the  neutral  fluid  are  neglected.  We  shall  show 
howr  the  validity  of  this  approach  can  be  checked  and  determine  a  critical  region 
around  the  sun  inside  of  which  this  approach  is  invalidated. 


PHYSICAL  PHENOMENA  DETERMINING  INTERSTELLAR 
HYDROGEN  DISTRIBUTION  IN  THE  INNER  HELIOSPHERE 
Maciej  Bzowski  (1),  Daniel  Rucinski  (1)  and  Vlad  Izmodenov  (2) 

(1)  Space  Research  Centre  of  the  Polish  Academy  of  Sciences,  Bartycka  18  A, 
00-716  Warsaw,  Poland,  (2)  Institut  for  Problems  in  Mechanics  RAS  Prospect 
Vernadskogo  101,  117526  Moscow,  Russia. 

Various  physical  phenomena  affecting  the  distribution  of  density,  velocity  and 
temperature  of  the  interstellar  hydrogen  gas  in  the  inner  heliosphere  will  be 
analysed.  The  role  of  the  heliospheric  interface,  which  seems  to  rarefy,  slow 
down  and  heat  the  inflowing  interstellar  gas,  will  be  discussed.  The  influence 
of  solar  cycle  effects  on  the  distribution  taking  into  account  the  actual  data 
on  charge  exchange,  photoionisation  and  radiation  pressure  will  be  presented. 
The  critical  importance  of  accurate  modelling  of  the  ionisation  rate  and  the 
radiation  pressure,  including  the  konwledge  of  the  flux  ar  central  part  of  the 
solar  Lyman-o  line  profile,  will  be  stressed.  It  seems  that  uncertainties  in  the 
knowledge  of  the  ionisation  rate  and  radiation  pressure  due  to  calibration  dis¬ 
crepancies  between  spaceborbne  instruments  adversely  affect  the  quality  of 
interplanetary  hydrogen  modelling  to  the  extent  comparable  or  higher  than 
deficiencies  of  the  mathematical  models  used. 


ANALYSIS  OF  A  3HE  RICH  SOLAR  ENERGETIC  PARTICLE 
EVENT  OBSERVED  WITH  ACE/SEPICA  AND  SOHO/HSTOF 

A.T.  Bogdanov  (1),  E.  Mobius  (2),  M.  Hilchenbach  (3),  B.  Klecker  (1),  D.  Hov- 
estadt  (1),  L.M.  Kistler  (2),  M.A.  Popecki  (2),  E.J.  Lund  (2),  D.  Heirtzler  (2), 
A.B.  Galvin  (2),  P.  Bochsler  (4),  H.  Gruenwaldt  (3),  F.M.  Ipavich  (5)  and  F. 
Gliem  (6) 

(1)  Max-Planck-Institut  fur  extraterrestrische  Physik,  D-85740  Garching,  Ger¬ 
many,  (2)  Space  Science  Center,  University  of  New  Hampshire,  Durham,  NH 
03824,  USA,  (3)  Max-Planck-Institut  fur  Aeronomie,  D-37189  Katlenburg- 
Lindau,  Germany,  (4)  Physikalisches  Institut,  Universitat  Bern,  Sidlerstr.  5, 
CH-3012  Bern,  Switzerland,  (5)  Dept,  of  Physics  and  Astronomy,  Univer¬ 
sity  of  Maryland,  College  Park,  MD  20742,  USA,  (6)  Institut  fur  Datenver- 
arbeitungsanlagen,  Technische  Universitat,  D-38023  Braunschweig,  Germany. 

We  present  new  results  on  the  energy  dependence  of  the  3He/4He  ratio  in 
impulsive  solar  energetic  particle  events  (SEP)  from  observations  of  the  1997 
September  19-21  SEP  event  carried  out  simultaneously  by  two  instruments 
with  complementary  energy  ranges,  the  Solar  Energetic  Particle  Ionic  Charge 
Analyzer  (SEPICA)  on  ACE  and  the  time-of-flight  mass  spectrometer  HSTOF 
on  SOHO.  The  two  instruments  have  a  combined  energy  range  from  «  0.1  to 
3.5  MeV/nuc.  We  observe  a  strong  increase  of  the  3He/4He  ratio  with  energy, 
starting  with  <  0.1  at  the  lower  end  and  reaching  fts  1  at  the  upper  end.  This  is 
in  agreement  with  previous  ISEE  observations  and  extends  their  energy  range 
to  lower  values.  VVe  discuss  the  observed  energy  distribution  within  the  context 
of  models  for  the  selection  and  acceleration  mechanisms  in  compact  flares. 


FLOW  SHEAR  AND  MAGNETIC  FIELD  ORIENTATION 
AT  SOLAR  WIND  DIRECTIONAL  DISCONTINUITIES: 
WIND  OBSERVATIONS 

J.  De  Keyser  (1).  M.  Roth  (1)  and  A.  Soding  (2) 
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We  examine  the  relation  between  the  magnetic  field  and  flow  changes 
across  directional  discontinuities  (DDs)  in  slow  and  fast  solar  wind 
streams  at  1  AU  as  observed  by  WIND.  The  magnetic  field  rotation 
sense  in  the  fast  wind  is  that  predicted  by  the  MHD  theory  of  rota¬ 
tional  discontinuities  (RDs).  although  there  are  significant  deviations 
from  the  theory.  DDs  with  small  normal  component  can  be  regarded  as 
tangential  discontinuities  (TDs);  in  the  context  of  a  kinetic  TD  model 
the  observations  are  found  to  imply  that  the  length  scale  over  which  the 
proton  velocity  distribution  changes  at  the  TD  can  be  both  smaller  or 
larger  than  that  of  the  electron  distribution,  a  finding  that  constrains 
TD  formation  theories.  Flow  shear  effects  appear  to  be  less  important 
in  slow  wind  DDs. 
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ANALYSIS  OF  TRANSPORT  CONDITIONS  OF  ENERGETIC 
HELIOSPHERIC  ELECTRONS  (WIND  AND  GEOTAIL  DATA) 

p.A,  Chaizy  (1),  L.J.  Lanzerotti  (2),  R.P.  Lepping  (3),  S.K.  Kokubun  (4), 
R.P.  Lin  (5).  J.M.  Bosqued  (6),  T.R.  Sanderson  (7)  and  T.  Yamamoto  (8) 
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It  is  difficult  to  differentiate  spatial  from  temporal  variations  of  plasma  phe¬ 
nomena  with  only  one  spacecraft  -  except  in  special  cases  e.g.  abrupt  changes  at 
the  other  parameters  (magnetic  field,  ions,  solar  wind  parameters  etc...).  The 
WIND  and  GEOTAIL  spacecraft  are  particularly  interesting  for  such  analysis. 
When  the  WIND  spacecraft  is  at  the  Lagrangian  point,  it  is  separated  from  the 
near-Earth  GEOTAIL  spacecraft  by  about  106  km  (but  a  comparison  is  only 
valid  when  the  latter  is  in  the  solar  wind).  On  the  09  July  1996  both  space¬ 
craft  measured,  simultaneously,  a  classical  diffusive  energetic  (>  30  keY)  solar 
electron  event.  However,  it  took  about  15  minutes  and  2  hours,  respectively 
at  GEOTAIL  and  WIND,  for  the  flux  to  reach  its  maximum;  both  maxima 
had  comparable  intensity  values.  This  suggests  that  the  two  basic  processes 
accounting  for  the  flux  profiles  of  solar  energetic  electrons  at  a  given  distance 
from  the  Sun.  namely  the  injection  and  transport  conditions,  are  very  likely  to 
be  time  or  spatial  dependent. 


PARTICLE  ACCELERATION  EFFICIENCY  AND  MHD  CHAR¬ 
ACTERISTICS  OF  CIR  RELATED-SHOCKS 
H.-T.  Claflen  (1),  G.  Mann  (1)  and  E.  Keppler  (2) 

(1)  Astrophysikalisches  Institut  Potsdam,  An  der  Sternwarte  16,  Potsdam, 
D- 14482  Germany,  (2)  Max-Planck-Institut  fur  Aeronomie,  Postfach  20. 
Katlenburg-Lindau,  D-37191  Germany. 

During  its  southbound  journey  the  Ulysses  spacecraft  had  several  encounters 
with  so-called  corotating  interaction  regions  (CIRs)  which  build  up  due  to  the 
interaction  of  fast  and  slow  solar  wind  streams.  We  analyse  the  forward  and 
the  reverse  shocks  marking  off  the  18  CIR  encounters  between  July  1992  and 
December  1993.  Our  investigations  look  for  a  correlation  between  the  particle 
acceleration  efficiency  expressed  by  the  particle  flux  measured  at  the  time  of 
shock  crossing  and  the  MHD  characteristics  of  the  shocks;  i.e.,  Alfven-Mach 
number  {Mai),  density  and  magnetic  field  compression  ratios  (rjV,  rB),  and  the 
angle  between  shock  normal  and  upstream  magnetic  field  (^b„).  The  results 
of  this  analysis  show  that  the  highest  fluxes  of  300  keV  electrons  and  1  MeV 
protons  are  observed  when  the  conditions  Mai  >  2.5  and  50°  <  9  Bn  <  75°  are 
simultaneously  fulfilled  by  the  shocks.  These  investigations  are  supplemented  by 
a  computation  of  the  first  critical  Alfven-Mach  number  for  typical  parameters 
of  CIR  related  shocks. 


3D  MHD  SIMULATION  OF  CORONAL  MASS  EJECTIONS 
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A  parallel  adaptive  mesh  refinement  (AMR)  code  for  ideal  magnetohydrody¬ 
namics  (MHD)  is  used  to  investigate  the  generation,  structure,  and  evolution 
of  pressure-driven  coronal  mass  ejections  (CMEs)  from  the  inner  solar  corona 
at  1  Rs  out  into  inter-planetary  space  to  distances  exceeding  1  AU.  The  nu¬ 
merical  algorithm  is  based  on  a  MUSCL-type  upwind  finite- volume  scheme  and 
8- wave  Riemann  solver  flux  function  and  a  new  massively  parallel  implementa¬ 
tion  of  the  method  has  been  developed  for  a  Cray  T3E  parallel  computer  having 
512  processors.  The  pressure-driven  CMEs  are  generated  in  inner  solar  corona, 
which  is  assumed  to  be  a  large  rotating  reservoir  of  hot  magnetized  plasma 
with  an  embedded  multipole  magnetic  field.  The  results  of  the  computations, 
including  predicted  changes  in  solar  magnetic  field  and  solar  wind  plasma  flow 
properties  produced  by  CME  evolution,  will  be  described. 


THE  ORIGIN  OF  THE  ‘MINIMUM’  AND  ‘MAXIMUM’  CORONA. 
V.  Eselevich 
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The  analysis  of  the  some  eclipse  observations,  showed:  1)  A  limiting  case  of  a 
‘maximum1  corona  (for  example,  the  eclipse  of  February  16,  1980)  is  observed 
in  the  events  where  the  planes  of  portions  of  the  streamer  belt  (or  chain), 
wich  follows  a  meridian,  lie  near  the  picture  plane  on  both  limbs,  E  and  W 
simultaneously.  2)  A  limiting  case  of  a  ‘minimum’  corona  occurs  when  the 
plane  of  the  streamer  belt  (or  chain)  is  perpendicular  to  the  picture  plane  on 
both  limbs  simultaneously.  The  angle  0O  of  inclination  of  the  streamer  to  the 
equator  is  determined  by  the  latitude  0,  at  which  the  portion  of  the  belt  undeT 
consideration  is  located.  In  the  phase  of  minimum  ©„  «  0°  (the  eclipse  of 
March  9,  1997),  near  maximum  activity  can  reach  ±(50°  -  70°)  (the  eclipse  of 
July  11,  1991). 


ON  THE  STRUCTURE  OF  STREAMER  BELTS. 

V.  Eselevich 
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In  an  attempt  to  separate  the  temporal  and  spatial  variations  in  polarization 
brightness  (plasma  density)  along  the  coronal  streamer  belt,  a  study  is  made  of 
the  parts  of  the  belt  which  are  longitudenally  aligned  with  the  west  or  east  limb 
of  the  Sun.  It  is  shown  that  the  brightness  distribution  along  streamer  belts  is 
inhomogeneous  with  relative  brightess  variations  as  1.1  -  2.0.  Streamer  belts 
consist  of  a  sequence  of  coronal  rays  (streamers),  each  of  which  at  distances 
ft  >  ZRo  from  the  solar  center  has  a  cross-section  with  a  typical  angular  size 
of  as  10°  -  70*  along  the  belt  and  as  10°  -  30°  across  the  belt  with  neighbouring 
rays  separated  by  L  as  10°  -  70°.  Examples  from  CR  1591  and  CR  1592  show 
that,  in  the  absence  of  CME  influence,  the  distribution  of  streamer  rays  along 
the  streamer  belt  can  be  stable  for  nearly  two  complete  Carrington  rotations. 


OBSERVATION  OF  SOLAR  AND  GEOCORONAL  LY-a 

H.J.  Fahr,  G.  Lay  and  H.U.  Nass 

Institut  fur  Astrophysik  und  Extraterrestrische  Forschung,  Auf  dem  Hugel  71, 
D:53121  Bonn. 

On  August  U,  1997  at  18.18  UT  the  payload  GEOSOLLY  was  launched  on 
board  a  BLACK  BRANT  IX  rocket  from  White  Sands  Missile  Range/USA  and 
reached  an  apogee  of  about  330  km.  The  experiment  GEOSOLLY  consisted  of 
a  hydrogen  cell  containing  molecular  hydrogen  at  low  pressure  and  was  sealed 
by  magnesium  fluoride  window’s.  A  hot  filament  dissociated  the  molecules  into 
hydrogen  atoms,  thus  changing  the  absorption  features  of  the  cell  on  purpose. 
By  measuring  the  scattered  Ly-a  photons  with  a  sideways  mounted  detector, 
the  core  region  of  the  Ly-a  line  could  be  studied.  Another  detector,  positioned 
along  the  optical  axis  at  the  rear  of  the  instrument,  simultaneously  measured 
the  total  intensity  of  the  incident  photons  near  121.6  nm.  By  applying  a  switch- 
able  mirror  in  front  of  the  cell  both  solar  and  geocoronal  Ly-a  fluxes  could  be 
examined.  Results  of  the  rocket  flight  will  be  presented  and  discussed. 


EXTREME-ULTRAVIOLET  DIAGNOSTICS  OF  PICK-UP  IONS 
IN  REGIONS  CLOSE  TO  THE  SOLAR  CORONA. 

H.-J.  Fahr,  H.  Fichtner  and  H.  Scherer 

Institut  fur  Astrophysik  und  Extraterrestrische  Forschung,  Auf  dem  Hiigel  71, 
D-53121  Bonn. 

Recent  investigations  of  pick-up  ion  data  obtained  with  the  AMPTE  and 
Ulysses  spacecraft  resulted  in  the  discovery  that,  in  contrast  to  previous  ex¬ 
pectation,  pick-up  ion  velocity  distribution  can  be  anisotropic.  Such  anisotropy 
implies  a  smaller  efficiency  of  pitch-angle  scattering  than  usually  assumed  and 
translates  into  a  larger  scattering  mean  free  paths  than  previously  attributed 
to  these  particles.  We  demonstrate  that  existing  and  upcoming  in-situ  observa¬ 
tions  can  be  supplemented  with  Earth-bound  observations  of  ultra-violet  res¬ 
onance  glow  of  pick-up  ions  in  vicinity  of  the  sun.  The  proposed  observations, 
in  combination  with  a  theory  of  ions  being  picked-up  by  the  heliospheric  mag¬ 
netic  field  close  to  the  sun  will  not  only  allow  us  to  obtain  information  about 
the  anisotropy  of  the  pick-up  ion  velocity  distributions,  but  also  to  deepen  our 
understanding  of  the  physics  of  the  accelerated  solar  wind  and  of  pick-up  ions 
in  this  innermost  region  of  the  heliosphere  not  yet  well  explored. 


PHASE  SPACE  DIFFUSION  AND  ANISOTROPIC  PICK-UP  ION 
DISTRIBUTIONS  IN  THE  SOLAR  WIND. 

H.-J.  Fahr  (1)  and  S.V.  Chalov  (2) 

(1)  Institut  fur  Astrophysik  und  Extraterrestrische  Forschung,  Auf  dem  Hugel 
il,  D-53121  Bonn,  (2)  Institute  for  Problems  in  Mechanics  of  the  Russian 
Academy  of  Sciences  Prospect  Vernadskogo,  101,  117526  Moscow.  Russia. 

Pick-up  ions  are  produced  all  over  the  heliosphere  by  ionization  of  neutral  inter¬ 
stellar  atoms.  Over  the  last  decade  it  was  generally  expected  that  after  pick-up 
these  ions  are  quickly  isotropized  in  velocity  space  by  strong  pitch-angle  scat¬ 
tering,  though  not  assimilating  to  the  thermodynamic  state  of  solar  wind  ions. 
Recent  studies  of  pick-up  ion  data  obtained  with  AMPTE  and  ULYSSES  have, 
however,  revealed  that  during  extended  time  periods  substantially  anisotropic 
distributions  prevail.  For  a  better  understanding  of  the  evolutionary  fate  of 
pick-up  ions  in  phase  space  we  present  a  pick-up  ion  injection  study  taking  into 
account  pitch-angle  scattering,  adiabatic  cooling,  drifts  and  energy  diffusion. 
For  an  injection  at  1  AU  the  resulting  distribution  function  stays  substantially 
anisotropic  up  to  a  distance  of  —  6  AU,  unless  strong  isotropic  turbulence  lev¬ 
els  of  nondissipative  spectra  are  considered.  The  bulk  velocity  of  pick-up  ions 
within  this  distance  range  turns  out  to  be  substantially  smaller  than  the  solar 
wind  velocity.  Pick-up  ions  are  strongly  spread  out  from  that  plasma  parcel 
into  which  they  were  originally  injected.  Derivations  of  interstellar  gas  param¬ 
eters  from  pick-up  ion  flux  data  thus  have  to  be  carried  out  with  caution.  As  a 
consequence  the  location  of  the  LISM  helium  cone  axis  and  the  LISM  helium 
temperature  are  faked  in  the  associated  He+  pick-up  ion  flux  pattern. 


ON  CHARACTERISTICS  OF  THE  HELIOSPHERIC  PLASMA  SHEET 
AT  MINIMUM  SOLAR  ACTIVITY 

V.G.  Fainshtein 

Institute  of  Solar-Terrestrial  Physics,  664033  Irkutsk,  P.O.Box  4026,  Russia. 
vfainCiszl.irk.ru/Fax:  (395-2)  46  25  57 

A  technique  is  proposed  for  estimating  the  form  and  position  of  the  boundary 
of  extended  horizontal  parts  of  the  heliospheric  plasma  sheet  which  separates 
this  sheet  from  high  speed  solar  wind  streams  from  coronal  holes.  It  is  shown 
that  the  thicknes  sof  such  portions  of  the  HPS  varies  in  different  HPS  in  the 
range  6-47  degrees.  Within  the  extended  part  of  the  HPS  under  consideration, 
its  thickness  can  vary  by  a  factor  of  2-3.  It  is  found  that  the  thickness  of  the 
transition  layer  between  extended  parts  of  the  HPS  and  solar  wind  streams 
from  a  coronal  hole  does  not  exceed  6  degrees.  Solar  wind  parameter  distrbu- 
tions  have  been  obtained  at  R  =  I  AU  across  the  horizontal  parts  of  the  HPS 
undisturbed  by  the  interaction  with  fast  streams  from  coronal  holes.  It  is  found 
that  the  plasma  flow  velocity  and  the  ion  temperature  both  decrease  from  the 
HPS  center  to  the  periphery.  The  density  and  the  magnetic  field  change  little 
across  the  HPS. 


COROTATING  INTERACTION  REGIONS:  MAGNETIC  FIELD 
BEHAVIOUR  IN  THE  VICINITY  OF  STREAM  INTERFACES  AND 
HELIOSPHERIC  CURRENT  SHEET  CROSSINGS 

R.J.  Forsyth  (I),  R.F.  Wimmer-Schweingruber  (2) 

(1)  The  Blackett  Laboratory,  Imperial  College,  London  SW7  2BZ,  UK, 

(2)  Physikalisches  Institut,  University  of  Bern,  Switzerland 
r.forsyth@ic.ac.uk/Fax:  +44- 1 71-594-7772 

During  1992  and  1993  the  Ulysses  spacecraft  observed  a  long  sequence  of  Corotating 
Interaction  Regions  (CIRs)  produced  by  the  interaction  of  high  speed  solar  wind  from 
the  south  polar  coronal  hole  with  slow  speed  wind  from  the  near  equatorial  streamer 
belt.  Stream  interfaces  in  the  CIRs  separate  the  plasmas  that  originated  in  low  speed 
solar  wind  and  high  speed  solar  wind  at  their  source  in  the  corona,  while  the 
heliospheric  current  sheet  (HCS)  separates  magnetic  fields  of  opposite  polarity.  In  this 
paper  we  examine  and  classify  the  behaviour  of  the  magnetic  field  in  the  vicinity  of 
the  HCS  crossings  and  the  stream  interfaces  during  the  above  sequence  of  CIRs.  A 
variety  of  HCS  crossing  signatures  are  found,  some  a  clean  discontinuity  between  the 
opposite  polarities,  others  where  the  crossing  is  replaced  by  an  apparent  flux  rope  like 
signature.  In  some,  but  not  all,  cases  we  find  clear  magnetic  field  discontinuities  also 
at  the  stream  interface,  although  often  these  don’t  appear  very  different  from  other 
discontinuities  elsewhere  in  the  CIR.  The  results  of  this  study  are  of  importance-in 
understanding  which  features  within  CIRs  play  a  role  in  the  modulation  of  energetic 
particle  signatures. 


RECENT  HELIOSPHERIC  MAGNETIC  FIELD  OBSERVATIONS  AS 
ULYSSES  APPROACHES  APHELION 

R.J.  Forsyth  (I),  A.  Balogh  (1),  E.J.  Smith  (2)  and  B.T.  Tsurutani  (2) 

(1)  The  Blackett  Laboratory,  Imperial  College,  London  SW7  2BZ,  UK,  (2)  Jet 
Propulsion  Laboratory,  Pasadena,  CA  91109-8099,  USA,  r.forsyth@ic.ac  uk/Fax- 
+44-171-594-7772 

After  a  highly  successful  exploration  of  the  polar  regions  of  the  heliosphere  in  1994 
and  1995  during  solar  minimum  activity,  the  ESA/NASA  Ulysses  spacecraft  is  now 
once  again  at  near-ecliptic  latitudes  at  a  distance  from  the  Sun  of  about  5AU.  The 
equator  was  crossed  in  December  1997  and  aphelion  is  in  April  1998.  In  this  paper  we 
report  on  the  recent  results  from  the  magnetic  field  investigation  on  Ulysses.  The 
properties  of  the  heliospheric  magnetic  field  during  the  second  slow  latitude  scan  from 
the  north  pole  down  to  the  equator  are  described,  in  particular  the  radial  component, 
underlying  direction  and  variances  of  the  field.  At  lower  latitudes  Ulysses  is  again 
observing  heliospheric  current  sheet  crossings  and  magnetic  field  compressions 
associated  with  corotating  and  transient  solar  wind  flows.  The  pattern  of  current  sheet 
crossings  is  discussed  and  related  to  the  photospheric  and  corona!  magnetic  field 
patterns  at  the  Sun.  With  the  recent  rise  in  solar  activity,  the  number  of  transient 
signatures  in  the  field  data  is  increasing.  We  will  report  on  any  identifications  of 
specific  events  with  their  solar  origin  and  on  whether  we  have  been  successful  at 
observing  any  transient  events  at  Ulysses  also  seen  by  near  Earth  spacecraft,  for  which 
the  best  opportunity  will  be  the  first  months  of  1998. 


TEMPORAL  VARIATION  AND  REDSHIFT  OF  HE  I  584  A  IN 
SOLAR  ACTIVE  REGIONS 

T.  Fredvik  and  P.Maltby 

Institute  of  Theoretical  Astrophysics,  University  of  Oslo.  Oslo,  Norway. 
per.maltbyOastro.uio.no/Fax:  [47]  22  85  65  05 

Based  on  EU  V  observations  of  nine  sunspot  regions  with  the  Coronal  Diagnostic 
Spectrometer  -  CDS  on  SOHO  we  have  studied  spatial  distribution,  temporal 
variation  and  wavelength  shift  of  the  He  i  584  A  line.  The  high  spatial  cor¬ 
relation  between  the  coronal  line  Fe  xvi  360  A  and  He  I  584  A  points  to  the 
coronal  radiation  as  an  important  contributor  to  the  formation  of  the  He  i  line. 
Contribution  to  the  line  formation  also  from  another  source  is  suggested  by  the 
following  two  findings,  which  may  be  of  value  in  future  time  dependent  simula¬ 
tions  of  the  He  lines.  We  observe  that  the  He  i  584  A  line  emission  changes  in 
minutes,  significantly  faster  than  the  changes  observed  in  the  coronal  radiation. 
The  observed  relative  line-of-sight  velocities  scatter  around  a  value  that  moves 
systematically  towards  the  red  as  the  peak  intensity  of  the  He  r  584  A  increases 
from  low  to  high  values.  The  significance  of  the  latter  finding  is  supported  by- 
conditional  probability  calculations. 
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HIGH-SPEED  SOLAR  WIND  STRUCTURE  FROM  ULYSSES 
RADIO  MEASUREMENTS 

K.  Issautier  (1),  N.  Meyer-Vernet  (1),  M.  Moncuquet  (1)  and  S.  Hoang  (1) 
(1)  Observatoire  de  Paris-Meudon,  DESPA,  92195  Meudon,  France. 
issautierCobspm.fr/Fax:  [+33]  1  45  07  28  06 

We  analyse  in-situ  measurements  of  solar  wind  electron  density  and  thermal 
temperature  during  Ulysses  pole  to  pole  fast  transit  near  the  1996  sunspot  min¬ 
imum.  The  data  are  obtained  with  the  radio  receiver  of  the  Unified  Radio  and 
Plasma  wave  experiment  on  Ulysses,  using  the  method  of  quasi-thermal  noise 
spectroscopy.  This  technique  is  based  on  the  analysis  of  the  electrostatic  field 
spectrum  produced  by  the  thermal  fluctuations  of  the  ambient  particles,  which 
can  be  measured  at  the  terminals  of  an  electric  antenna.  It  yields  in  particular 
accurate  measurements  of  electron  density  and  core  temperature.  Poleward  of 
40°,  we  deduce  the  radial  profiles  of  these  parameters  in  the  steady-state  fast 
solar  wind  coming  from  polar  coronal  holes.  We  also  study  the  histograms  of 
both  parameters  scaled  to  1  AU;  each  distribution  outlines  a  single  class  of 
flow  which  is  well  described  by  a  normal  distribution  contrary  to  that  obtained 
at  low  latitudes  where  different  types  of  flows  interact.  Since  Ulysses  remained 
for  a  long  time  in  the  stationary  polar  solar  wind,  this  gives  the  opportunity 
to  measure  in  situ,  for  the  first  time,  the  spectrum  of  the  electron  density 
fluctuations  at  high  latitudes. 


INTERPLANETARY  DISTURBANCES  WITH  FORWARD  ROTATIONAL 
DISCONTINUITIES 

K.G.Ivanov  and  E.P.Romashets 
Institute  of  Terrestrial  Magnetism,  Ionosphere,  and 
Radio  Wave' Propagation  of  Russian  Academy  of  Scien¬ 
ces  (IZMIRAN),  Troitsk,  Moscow  Region  142092  Russia, 
kiVanov^izmiran.troitsk.ru,  FAX:  7-095-334-0124 

There  are  observational  evidence  in  favour  of  interplanetary  disturbances  with  forward 
rotational  discontinuities.  In  this  class  of  disturbances  forward  rotational 
discontinuities  arrive  to  the  Earth's  orbit  many  hours  before  forward  shock  waves. 
These  discontinuities  switch  on  the  geoeffective  north-south  Bz  component  of  the 
interplanetary  magnetic  field  and  can  be  considered  as  predictors  of  forthcoming  more 
strong  interplanetary  and  geomagnetic  disturbances  at  1  AU.  Solar  sources  of  the 
disturbances  are  sudden  disappearing  filaments  which  interact  with  the  heliospheric 
current  sheet.  These  findings  will  be  supported  by  observational  evidence  from 
historical  and  on-going  solar  and  heliospheric  missions,  such  as  HELIOS,  ISEE, 
PHOBOS.  WIND  etc. 


CENTER-TO-LIMB  VARIATIONS  OF  THE  CAII  H  AND  K 
LINES  IN  SUNSPOT  UMBRAE 
S.A.  Grigoryeva  and  I.P.  Turova 

Institute  of  Solar-Terrestrial  Physics,  P.O.  Box  4026,  Irkutsk,  664033,  Russia, 
turova® iszf . irk . ru 

Amongst  data  on  spectra  of  solar  features,  of  particular  interest  is  information 
about  the  center-to-limb  intensity  behaviour  of  Fraunhofer  line  profiles,  espe¬ 
cially  in  connection  with  the  problem  of  construction  of  realistic  atmospheric 
models.  A  comparison  of  theoretical  and  observed  Call  H  and  K  line  profiles 
in  sunspot  umbrae  has  been  made  for  different  sunspot  positions  on  the  so¬ 
lar  disk.  Four  semi-empirical  static  umbra  models  were  used  in  calculations: 
the  SUNSPOT  model  by  Avrett  (1981),  Staude  (1982),  Maltby  et  at.  (1986), 
and  Severino,  Gomez,  and  Caccin  (1994).  The  models  suggested  by  Avrett, 
Severino,  Gomez,  and  Caccin,  and  Maltby  et  ai  reproduce  the  center-to-limb 
evolution  of  the  shape  of  observed  profiles.  The  best  agreement  with  profile 
parameters  obtained  from  observations  is  given  by  the  Severino,  Gomez,  and 
Caccin’s  model. 


CORRELATED  C*  AND  0+  SOURCE  NEAR  0.2  AU 

H.Griinwaldtm,  I.Mannm,  M.Hilchenbach111,  P.Bochsler121 

[1]  MPI  fur  Aeronomie,  D-37191  Katlenburg-Lindau,  Germany 

[2]  University  of  Bern,  CH-3300  Bern,  Switzerland 

From  measurements  with  CELLAS/CTOF  on  SOHO,  a  wide  range  energy 
spectrum  could  be  derived  for  each  C+  and  0+  singly  charged  ions  in  the 
solar  wind.  Despite  their  peculiar  spectral  shape  they  have  been 
interpreted  as  a  pickup  population  characterized  by  their  very  high 
anisotropy.  Model  fits  assuming  weak  pitch-angle  scattering  with  large 
mean-free-paths  refer  their  origin  to  a  position  close  to  0.2  AU.  The  actual 
value  of  anisotropy  that  is  included  as  one  of  the  fit  parameters  controls 
the  resulting  abundances,  and  the  resulting  drift  speeds  to  an  extent  this 
is  discussed  in  the  presentation.  As  a  further  result  properties  of  the 
source  are  framed  with  reference  to  the  correlated  modulation  of  both 
species. 


A  MULTISPECIES  MULTIMOMENT  MODEL  FOR  THEEXPAN- 
SION  OF  THE  SOLAR  WIND 

F.  Leblanc  and  D.  Hubert 

Observatoire  de  Paris,  92195  Meudon,  France. 
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A  new  approach  to  study  the  expansion  of  the  solar  wind  at  the  level  of  both 
the  microscopic  and  the  macroscopic  states  is  presented.  This  model  takes  into 
account,  as  a  first  principle,  the  far  from  equilibrium  state  of  the  solar  wind 
characterized  by  large  heat  flux  in  the  electron  and  proton  populations.  Each 
step  of  the  construction  will  be  discussed:  convergence  properties,  closure  as¬ 
sumption  and  non- equilibrium  collisional  transfer  properties.  A  first  application 
of  this  model  will  be  presented. 


ESTIMATION  OF  ELASTIC  H  -  H  ,  H  -  H+  COLLISION  IN¬ 
FLUENCE  ON  THE  INTERSTELLAR  ATOM  DISTRIBUTION  IN 
THE  HELIOSPHERIC  INTERFACE 

V.  V.  Izmodenov  (1,2),  A.  P.  Kalinin  (1)  and  Yu.  G.  Malama  (1) 

(1)  Institute  for  Problems  in  Mechanics,  117526,  Prospect  Vernadskogo  101, 
Moscow,  Russia,  (2)  International  Space  Science  Institute,  Hallerstrasse  6,  3012 
Bern  ,  Switzerland. 
izmodC ipmnet.ru/ Fax:  [41]  31  6314897 

Interstellar  atoms  cross  the  interface  between  the  solar  wind  and  the  local  in¬ 
terstellar  cloud  (heliospheric  interface),  and  enter  the  heliosphere.  Crossing  the 
heliospheric  interface  interstellar  atoms  interact  with  the  plasma  component 
through  charge  exchange.  The  influence  of  charge  exchange  on  the  plasma  pa¬ 
rameters  as  well  as  on  interstellar  atom  filtration  has  been  studied  extensively. 
Now  the  interest  to  elastic  H  -  H,  H  -  H+  collision  influence  on  the  helio¬ 
spheric  H  atom  distribution  is  growing.  Recently,  Williams  et  al.(1997)  on  the 
basis  of  multi-fluid  approach  has  shown  that  elastic  H  -H  collisions  are  crucial 
to  determining  the  heliospheric  H  distribution. 

In  this  paper  we  make  estimations  of  the  elastic  H+  collisions  on  the 

basis  of  a  kinetic  approach.  It  is  shown  that  multi-fluid  approach  overestimates 
the  effect  of  elastic  collision  influence. 
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INTERSTELLAR  ATOM  FILTRATION  IN  THE  HELIOSPHERIC 
INTERFACE:  INFERENCES  ON  THE  LIC  ELECTRON  DENSITY 

V.  V.  Izmodenov  (1,2),  J.  Geiss  (2),  G.  Gloeckler  (3),  V.B.  Baranov  (1),  R. 
Lallement  (4)  and  Yu.  G.  Malama  (1) 
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Moscow,  Russia,  (2)  International  Space  Science  Institute,  Hallerstrasse  6, 3012 
Bern  ,  Switzerland,  (3)  University  of  Mariland,USA,  (4)  Service  d’Aeronomie 
du  CNRS,  France. 
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The  solar  system  is  moving  through  the  partially  ionized  local  interstellar  cloud 
(LIC).  The  ionized  matter  of  the  LIC  interacts  with  the  expanding  solar  wind 
forming  the  heliospheric  interface.  The  neutral  component  (interstellar  atoms) 
penetrates  through  the  heliospheric  interface  into  the  heliosphere,  where  it  is 
measured  directly  as  pick-up  ions,  atoms,  ACR’s,  ENA’s  or  indirectly  through 
resonant  scattering  of  solar  Ly-  a.  When  crossing  the  heliospheric  interface,  in¬ 
terstellar  atoms  interact  with  the  plasma  component  through  charge  exchange. 
This  interaction  leads  to  changes  of  both  atom  and  plasma  parameters.  Using 
a  kinetic  model  of  the  flow  of  the  interstellar  atoms,  it  is  shown  in  the  paper 
that  the  degree  of  filtration,  the  temperature  and  the  velocity  of  the  interstel¬ 
lar  atom  species  depend  on  the  interstellar  proton  number  density.  Comparing 
models  computed  for  different  interstellar  proton  densities  with  recent  SWICS 
Ulysses  pick  up  ion  measurements,  we  constrain  number  densities  of  protons 
and  H  atoms  in  the  Local  Interstellar  Cloud. 


RAPID  INVERSION  OF  HELIOSEISMIC  TIME-DISTANCE  DATA. 
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+  Department  of  Physics  and  Astronomy,  University  of  Aarhus  and  Theoretical 
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Helioseismology  is  an  area  where  geophysical  methods  have  found  application  in 
solar  physics  and  enabled  investigation  of  the  solar  interior.  In  helioseismology  the 
traditional  approach  has  been  to  consider  global  oscillation  modes  of  the  entire  sun, 
but  in  the  last  few  years  a  new  approach,  called  Time-Distance  helioseismology,  has 
emerged,  where  one  considers  local  wave  propagation  on  the  sun.  It  has  become 
possible  to  measure  the  traveltime  between  two  points  on  the  solar  surface  as  a  cross 
correlation  function  and  thus  produce  solar  seismograms  which  are  very  much  like 
the  seismogram  considered  in  ‘terrestrial’  seismology.  From  these  data  it  is  possible 
to  do  a  tomographic  imaging  of  local  structures  in  the  outer  part  of  the  sun. 

We  have  implemented  a  Multi-Channel  Deconvolution  inversion  technique  which 
yields  a  very  rapid  inversion.  This  technique  has  developed  recently  within 
geophysics  for  inversion  of  electromagnetic  data.  It  is  based  on  the  Born 
approximation  and  speeds  up  the  inversion  by  doing  most  of  the  calculations  in  the 
Fourier  domain.  The  technique,  which  has  been  tested  on  data  obtained  from 
earthbound  observations,  will  realise  its  full  potential  with  high  volume  data  sets 
from  the  MDI  instrument  on  the  SOHO  satellite. 


IS  CIR  ACCELERATION  DEPENDENT  ON  HELIOGRAPHIC 
LATITUDE  IN  THE  LIGHT  OF  ULYSSES  DATA  ? 

Erhard  Keppler 

MPI  fur  Aeronomie,  D-37191  Katlenburg-Lindau, 
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CIRs  are  formed  by  interacting  fast  and  slow  solar  wind  streams.  A 
forward  (FS)  and  a  reverse  (RS)  shock  forms  typically  at  distances 
beyond  2  AU  from  the  Sun.  The  FS  propagates  equatorward,  the  RS 
poleward.  Both  shocks  are  capable  of  accelerating  ions  to  MeV/N 
energies,  the  RS  being  more  efficient.  Also,  electrons  are  accelerated  at 
the  RS,  but  in  general  not  at  the  FS.  ULYSSES  has  encountered  on  its 
pass  to  the  Sun's  south  polar  region  and  on  its  pass  from  its  north  polar 
region  more  than  35  increases  in  the  energetic  particle  fluxes,  while  it 
moved  in  distance  from  5.3  to  2  and  back,  however,  at  the  same  time  also 
in  latitude  from  0°  to  80°  heliolatitude.  Therefore  it  is  not  possible  to 
decide  whether  latitude  or  radial  distance  determines  the  peak  flux  of  the 
energetic  particles.  We  compare  ULYSSES  results  with  measurements 
from  PIONEER-10/11  and  VOYAGER  obtained  in  the  ecliptic  plane  to 
conclude  that  the  efficiency  of  particle  acceleration  is  largest  in  3-5  AU 
and  not  latitude  dependent,  but  becomes  dependent  on  latitude  due  to 
the  more  complicated  structure  of  the  interplanetary  magnetic  field  when 
the  shocks  no  longer  reach  the  S/C  and  particles  propagate  along  the 
field  towards  the  Sun. 


CA,  SI,  AND  FE  ELEMENTAL  ABUNDANCES  IN  THE  SLOW 
AND  COLD  SOLAR  WIND  DETERMINED  FROM  THE  MASS 
INSTRUMENT  ON  WIND 
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Measurement  of  the  chemical  elemental  abundances  in  the  solar  wind  is  im¬ 
portant  for  studying  processes  in  the  solar  wind  source  region,  i.e.  the  place  in 
the  chromosphere  and  the  corona  from  where  the  solar  wind  flow  originates. 
We  present  results  of  the  elemental  abundances  of  Ca,  Si  and  Fe  as  obtained 
with  the  MASS  instrument  aboard  the  WIND  spacecraft  in  periods  of  slow  and 
cold  solar  wind.  These  elements  are  of  particular  interest  because  they  all  have 
a  low  first  ionization  potential  (<  lOeV).  We  compare  the  Ca  (FIP:  6.11  V) 
abundance  with  the  abundances  of  Si  (FIP:  8.15  V)  and  Fe  (FIP:  7.9  V)  in 
order  to  test  if  Ca  exhibits  the  expected  behaviour  of  the  low  FIP  elements,  or 
behaves  differently  as  a  very  low  FIP  element  as  has  been  suggested  by  other 
studies.  When  possible  we  also  determine  the  freeze-in  temperature  of  Ca  from 
its  most  abundant  charge  states  i.e.  Ca10+,  Ca11+  and  Cal2+.  These  results 
will  serve  as  a  clue  concerning  the  vertical  temperature  structure  in  the  corona 
and  will  complement  the  present  results  obtained  so  far  from  C,  O,  Si,  S,  and 
Fe. 


SUPRATHERMAL  SOLAR  WIND  AND  PICKUP  IONS  MEA¬ 
SURED  BY  THE  WIND/SMS-EXPERIMENT  NEAR  THE  LI- 
BRATION  POINT  LI 

E.  Kirscli  (1),  U.  Mall  (1),  B.  Wilken  (1),  Iv.  Cierpka  (1),  A.B.  Galvin  (2).  G. 
Gloeckler  (2)  and  K.  Chotoo  (2) 
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The  WIND  S/C  performs  elliptical  orbits  around  the  Earth  and  reaches  for 
limited  time  intervals  the  libration  point  LI  due  to  a  deflection  by  the  gravita¬ 
tional  field  of  the  moon.  Ions  of  0.5  -  225  keV/e  can  be  measured  by  the  SMS 
experiment.  The  masses  (1  <  m  <  45  amu),  the  energy  spectra  and  the  an¬ 
gular  distribution  of  such  ions  will  be  determined.  Our  study  deals  especially 
with  singly  charged  pickup  ions  which  result  from  interstellar  neutral  atoms 
entering  the  solar  system  and  becoming  ionized  by  the  solar  V V  light  as  well 
as  pickup  ions  released  from  interplanetary  dust  particles.  The  velocity  dis¬ 
tribution,  angular  distribution  and  charge  state  of  the  measured  ions  helps  to 
distinguish  between  ions  of  solar  and  magnetospherir  origin.  The  measurements 
are  discussed  in  relation  to  earlier  results  of  other  authors. 


REMOTE  SENSING  OF  THE  SOLAR  WIND  BY  SWAN/SOHO 
LYMAN  a  MEASUREMENTS 
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The  SWAN  instrument  on  board  the  SOHO  spacecraft  has  now  measured  Ly¬ 
man  a  all  sky  maps  already  more  than  two  years.  A  preliminary  investigation 
of  the  maps  measured  in  1996  showed  that  the  solar  wind  mass  flux  seems  to 
be  nearly  flat  for  all  solar  latitudes  outside  the  equatorial  region  from  —20° 
to  20°.  In  this  central  region  the  mass  flux  shows  a  prominent  increase.  This 
result  is  very  similar  to  the  one  obtained  from  the  Lyman  alpha  measurements 
by  the  Prognoz  satellites  in  1976-7  and  to  the  one  from  in  situ  measurements 
by  the  Ulysses  spacecraft.  In  this  paper  we  present  a  more  refined  estimation 
of  the  solar  wind  mass  flux  distribution  from  SWAN  data.  We  use  now  lines  of 
sight  only  to  star  void  regions  in  the  sky  which  eliminates  the  contamination  of 
results  with  high  UV  fluxes  from  hot  stars.  In  addition  to  photometric  measure¬ 
ments  we  employ  also  spectral  measurements  by  SWAN  in  order  to  determine 
the  interstellar  gas  parameters  which  leads  to  a  more  accurate  determination 
of  the  solar  wind  mass  flux  distribution. 
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ULYSSES  AND  WIND  OBSERVATIONS  OF  THE  TRANSIENT 
PARTICLE  EVENTS  IN  NOVEMBER  1997 

D.Lario  (1),  T.R.  Sanderson  (1),  R.G.  Marsden  (1),  M.  Maksimovic  (1),  R.J. 
Forsyth  (2)  and  A.  Balogh  (2) 
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In  this  presentation  we  describe  the  main  features  of  the  transient  solar  ener¬ 
getic  particle  events  observed  by  the  Ulysses  and  WIND  spacecraft  during  the 
first  half  of  November  1997.  The  sequence  of  solar  activities  on  November  4 
and  6  are  identified  as  the  solar  origin  of  the  intense  particle  events  measured 
at  two  different  locations  in  the  heliosphere.  Ulysses  was  in  the  ecliptic  plane 
at  5.34  AU  from  the  Sun  and  at  ~100°  west  in  heliolongitude  from  Earth, 
while  WIND  was  near  the  Earth  at  0.99  AU  in  the  same  plane.  The  nature 
of  the  energetic  particle  transport  and  of  the  propagating  structures  arriving 
at  the  spacecraft  locations  allows  us  to  explain  the  differences  and  similarities 
between  the  particle  intensities  and  plasma  observations  at  WIND  and  Ulysses 
spacecraft. 


INTERSECTION  OF  HELIOSPHERIC  CURRENT  SHEET  WITH 
FORWARD  SHOCK  OF  COROTATING  INTERACTION  REGION 

U.  Lauth  and  E.  Keppler 
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Heliospheric  magnetic  field  lines  can  intersect  with  shock  waves,  where  they 
are  refracted  towards  the  shock.  The  heliospheric  current  sheet  (HCS),  the 
boundary  between  regions  of  opposite  polarisation  of  the  magnetic  field,  is 
by  definition  bounded  by  magnetic  field  lines.  The  times  of  HCS  and  forward 
shock  (FS)  observations  by  the  Ulysses  spacecraft  during  several  successive 
solar  rotations  show  a  very  regular  behavior.  The  conclusion  is  drawn,  that  an 
FS/HCS  intersection  structure  was  present  in  the  heliosphere.  In  addition,  an 
attempt  is  made  to  identify  those  energetic  particles,  which  were  accelerated 
at  the  FS  and  then  travelled  to  Ulysses  along  the  HCS  perpendicular  to  the 
magnetic  field. 


DIRECT  OBSERVATION  OF  LUNAR  PICK-UP  IONS 
WITH  WIND-STICS 

U.  Mall.  E.  Kirsch,  K.  Cierpka,  B.  Wilken  (Max-Planck-Institut 
fiir  Aeronomie,  Max-Planck-Strasse  2,  D-37189  Katlenburg- 
Lindau) 

A.  Soeding,  F.  Neubauer  (Institut  fur  Geophysik  und  Meteorologie, 
Albertus-Magnus-Platz,  D-50923  Koln) 

G.  Gloeckler,  A.  Galvin,  S.  Chotoo,  University  of  Maryland,  College 
Park,  MD,  USA. 

Planetary  pick-up  ions  are  an  ideal  diagnostic  tool  to  remote  sense 
the  surface  composition  of  the  parent  body  from  which  they 
originate.  We  report  and  discuss  the  direct  observation  of  heavy 
pick-up  ions  which  are  detected  during  several  lunar  fly-bys  with  the 
Supra-Thermal  Ion  Composition  Spectrometer  (STICS)  on  the 
WIND  spacecraft.  The  STICS  experiment  with  an  energy/charge 
range  from  6  to  223  keV/e  is  in  an  ideal  position  to  determine  the 
mass/charge  and  mass  of  individual  ions  therby  allowing  a  direct 
identification  of  the  observed  ions. 


MODELLING  OF  SUNSPOT  EQUILIBRIAE  FOR  FINITE  FLUX 
TUBE  DIAMETERS 

C.-V.  Meister  (Astrophysical  Institute  Potsdam,  Potsdam  14469,  Germany) 
A.  V.  Runov,  M.  I.  Pudovkin  and  S.  A.  Zaitseva  (Institute  of  Physics,  St. 
Petersburg  State  University,  St.  Petersburg,  Russia  198904) 

V.  E.  Zakharov  (University  of  Kaliningrad,  Kaliningrad  236041,  Russia) 

The  dispersion  equation  of  magnetoacoustic-gravity  waves  in  sunspot  regions 
strongly  depends  on  the  gradients  of  the  magnetic  field  in  the  magnetohydro¬ 
dynamic  equilibrium.  Thus,  as  up  to  now  for  sunspot  pulsations  only  models 
with  infinitesimal  thin  flux  tubes  exist,  here  a  sunspot  model  with  finite  flux 
tube  diameter,  and  attitudinal  as  well  as  horizontal  magnetic  field  gradients 
is  developed.  The  magnetohydrodynamic  equilibrium  of  circular  symmetric  H- 
spots  is  numerically  studied.  Thereby,  the  amplitude  of  the  magnetic  field  was 
described  by  the  interpolation  formula  H(p,z)  —  Ho(z)/(\  +  p2)t  where  p  is 
the  horizontal  distance  from  the  symmetry  axis  showing  in  2-direction.  Ho{z) 
is  the  magnetic  field  on  the  symmetry  axis,  which  is  found  using  the  simple 
S  chi  iiter-Temes  vary  condition  of  geometric  similarity  of  magnetic  flux  distri¬ 
bution. 


COSMIC  RAY  DIFFUSION  IN  THE  STRONG 
LARGE-SCALE  RANDOM  AND  REGULAR 
MAGNETIC  FIELDS 

Yu.  P.  Mel'nikov  (Rybinsk  State  Academy  of 
Aviation  Technology, Pushkin  st.53,  152934 
Rybinsk, Yaroslavl'  Region,  Russia) 

The  nonlinear  small-scale  collision  integral  is 
averaged  over  the  larmor  rotation  of  a  particle  in 
regular  field  with  allowance  for  all  cyclotron 
harmonics.The  kinetic  equation  with  the  nonlinear 
collision  integral  is  solved  in  the  case  of  strong 
regular  magnetic  field.The  mean  free  path  of  a 
particle  along  the  regular  magnetic  field  L  is  found. In 
the  case  Lo«R,L  is  proportional  R*R/Ron, where  Lo- 
correlation  length, R-  gyroradius  in  the  random 
field, Ro-gyroradius  in  the  regular  field, n-spectral 
index  of  the  correlation  function. In  the  case  R«Lo, 
L?=a*R,  where  a-same  function  of  the  order  1 . 


ELECTRON  TEMPERATURE  IN  THE  SOLAR  WIND  FROM  KI¬ 
NETIC  MODELS 
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We  calculate  analytically  the  radial  temperature  profile  for  the  solar  wind  elec¬ 
trons  at  large  heliocentric  distances,  using  a  kinetic  collisionless  model  with  an 
arbitrary  electron  velocity  distribution  in  the  corona.  We  concentrate  on  the 
total  temperature  since  collisionless  models  are  more  adapted  to  calculate  this 
temperature  than  the  parallel  or  perpendicular  temperatures  separately.  The 
electron  temperature  profile  has  a  generic  form  which  is  the  sum  of  a  term 
decreasing  as  r"4/3  plus  a  constant  term,  with  both  terms  having  the  same 
order  of  magnitude  near  r  ~  1  AU.  This  result  is  virtually  independent  on  the 
particle  velocity  distributions  in  the  corona.  The  r~i/3  term  comes  from  the 
electrons  trapped  in  the  heliospheric  ambipolar  electric  potential;  the  constant 
term  comes  from  the  electrons  having  enough  energy  to  escape.  This  calcu¬ 
lation  thus  predicts  a  total  electron  temperature  profile  which  varies  roughly 
midway  between  isothermal  and  adiabatic  (isotropic)  behavior  near  1  AU,  as 
is  generally  observed.  The  electron  temperature  profile  flattens  with  increasing 
heliocentric  distance;  it  also  flattens  as  the  exospheric  radius  decreases  and  is 
thus  flatter  in  the  high-speed  wind.  We  compare  these  results  with  observations 
made  on  Ulysses  in  the  polar  high-speed  wind. 
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Interplanetary  scintillation  measurements  of  the  large  scale 
structure  of  the  heliospheric  magnetic  field  using  EISCAT. 

P.J.  Moran  (1),  A.R.  Breen  (2),  W.A.  Coles  (3)  R.A.  Fallows  (1), 
C.A.  Varley  (1),  W.P.  Wilkinson  (1)  and  P.J.S.  Williams  (1), 
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Institute  for  Aeronomy,  Katlenburg-Lindau,  Germany.  (3)  University 
of  California,  San  Diego,  California,  U.S.A. 

Extended  observations  of  interplanetary  scintillation  of  the  signals 
from  quasars,  using  two  spaced  antennas  of  the  EISCAT  facility,  have 
indicated  the  direction  of  the  baseline  between  the  two  antennas  at 
which  maximum  correlation  is  observed.  From  this  it  is  possible  to 
determine  the  direction  of  flow  of  the  high  latitude  solar  wind  in  the 
meridional  plane  at  distances  from  the  sun  between  20  and  100  solar 
radii.  In  all  cases  where  signal  strength  is  sufficient  for  this 
measurement  to  be  made  with  sufficient  accuracy,  the  analysis  shows 
there  to  be  a  small  but  significant  non-radial  component  present. 
Owing  to  the  high  magnetic  Reynolds  number  of  the  plasma,  the 
direction  of  flow  of  the  solar  wind  in  the  meridional  plane  must  also 
indicate  the  direction  of  the  magnetic  field  averaged  over  the  line-of- 
sight  of  the  signals.  We  present  results  from  our  most  recent 
observations  and  discuss  the  possible  implications  for  the  large  scale 
structure  of  the  helioscheric  magnetic  field 

NONLINEAR  FAST  MAGNETOHYDRODYNAMIC  WAVES 
IN  SOLAR  CORONAL  HOLES 

R.  Oliver  (1) 
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A  coronal  hole  is  modeled  as  a  slab  of  cold  plasma  threaded  by  a  vertical,  uni¬ 
form  magnetic  field.  A  periodic  driver  acting  at  the  coronal  base  is  assumed  to 
drive  the  velocity  component  normal  to  the  equilibrium  magnetic  field.  Previous 
works  indicate  that,  in  the  linear  regime,  only  fast  mode  perturbations  propa¬ 
gate,  since  Alfven  waves  are  excluded  from  the  model.  However,  in  this  work  it 
is  shown  that  nonlinear  terms  in  the  magnetohydrodynamic  (MHD)  equations 
give  rise  to  excitation  of  the  velocity  component  parallel  to  the  equilibrium  B, 
with  a  lower  amplitude  than  the  normal  component. 

Another  consequence  of  nonlinearities  is  the  generation  of  higher- frequency 
Fourier  modes,  which  can  be  detected  by  Fourier  analyzing  the  velocity  vari¬ 
ations  above  the  photosphere.  The  nature  of  the  nonlinear  interactions  in  the 
MHD  equations  determines  the  frequency  of  those  modes.  These  interactions 
are  quadratic  in  the  case  of  the  parallel  component,  while  they  are  cubic  in  the 
case  of  the  normal  component.  Therefore,  nonlinearly  excited  frequencies  2u>d. 
4wdl  6^,  ...  are  present  in  the  parallel  velocity,  whereas  frequencies  3u^,  5 u)d. 

. . .  are  present  in  the  normal  velocity,  with  u)d  the  driving  frequency. 


PROPAGATION  OF  THREE-DIMENSIONAL  ALFVEN  WAVES 
IN  THE  HIGH  SPEED  SOLAR  WIND:  EFFECTS  ON  THE  LYa. 
LY/3  AND  O  VI  LINES  OBSERVED  BY  UVCS/SOHO 
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We  investigate  the  effects  of  three-dimensional  Alfven  waves  propagation  in 
the  solar  wind  on  the  Lyo,  Ly/?  and  O  VI  (1032  A  and  1037  A)  lines  ob¬ 
served  with  L  \  CS  on  board  SOHO.  To  this  end.  we  use  a  detailed  model  of 
solar  wind  which  takes  into  account  relevant  physical  effects,  including  grav¬ 
ity  stratification,  thermal  conduction,  radiative  losses,  plasma  heating  (via  a 
phenomenological  term),  and  the  momentum  deposition  by  a  spectrum  of  non- 
WKB  Alfven  waves.  We  synthesize  the  emission  in  Lyo,  LyJ  and  O  VI  (1032 
A  and  1037  A)  lines  considering  wind  models  on  a  grid  of  realistic  parameter 
values. 


UVCS/SOHO  OBSERVATIONS  OF  THE  POLAR  HIGH  SPEED 
SOLAR  WIND 
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We  have  dedicated  a  week-long  observing  campaign  with  the  instruments  on 
board  SOHO  to  study  the  north  polar  coronal  hole  of  the  Sun  and  the  wind 
originating  from  it.  The  scope  of  this  campaign  is  to  set  up  an  observational 
scenario  describing  the  conditions  of  the  solar  wind  from  its  origin  to  high 
heliocentric  distances.  To  this  end  we  observed  simultaneously  the  inner  corona 
with  EIT,  CDS.  and  SUMER  and  the  outer  corona  with  UVC'S.  the  latter  being 
the  workhorse  of  the  present  project.  We  present  here  the  first  results  of  the 
analysis  of  the  UVCS  observations  in  the  Lyrv  and  O  VI  (1032  A  and  1037  A) 
lines  in  the  range  of  heliospheric  distance  from  1.5  /?:.  to  3.5  R : . 


HISTORY  OF  THE  SUN-AS-STAR  MAGNETIC  FIELD  EVOLU¬ 
TION  INFERRED  FROM  DIRECT  AND  INDIRECT  OBSERVA¬ 
TIONS 

D.  I.  Ponyavin 

Institute  of  Physics,  University  of  St. Petersburg,  198904,  Russia. 
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Magnetic  field  viewed  as  Star  has  been  observing  since  1968.  To  infer  the  Sun- 
as-Star  magnetic  field  long  before  the  period  observed,  a  restorable  technique 
was  applied  to  Ha  photographs  and  geomagnetic  activity  variations  available 
beginning  the  last  century.  For  this  purpose,  synoptic  charts  of  the  large-scale 
filament  distribution  have  been  used  to  establish  close  associations  between 
the  Sun-as-star  magnetic  field  just  inferred  and  directly  observed.  Close  corre¬ 
lations  found  were  then  used  to  restore  a  Sun-as-star  magnetic  field  structure 
and  evolution  in  late  of  50s  and  60s,  when  the  solar  magnetic  field  was  never 
being  observed.  Stackplot  display  of  inferred  data  revealed  a  large-scale  mag¬ 
netic  field  organization  during  a  course  of  solar  cycle.  Patterns  in  the  Sun-as- 
star  distribution  inferred  in  late  of  solar  cycles  19  and  20  were  compared  with 
those  obtained  for  solar  cycles  21  and  22.  Long-lived  systems  in  longitude  mag¬ 
netic  field  organization  were  persisted  throughout  solar  cycles  19-22.  A  sector 
structure  of  the  solar  magnetic  field  restored  in  the  past  was  compared  also 
with  Svalgaard  interplanetary  magnetic  field  sector  structure  inferred  from  ge¬ 
omagnetic  field  observations.  New  features  in  the  large-scale  organization  and 
evolution  of  magnetic  field  on  the  Sun  were  obtained  and  discussed. 


INTERSTELLAR  NEUTRAL  HYDROGEN  VELOCITY  AND 
TEMPERATURE  FROM  SWAN/SOHO  HYDROGEN  CELL 
MEASUREMENTS 
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The  SWAN  instrument  on  board  SOHO  has  measured  in  all  directions,  and  for 
a  large  number  of  locations  of  the  spacecraft  along  its  solar  orbit,  the  absorp¬ 
tion  by  .a  Hydrogen  cell  of  the  Lyman  a  interstellar  glow.  These  spectroscopic 
measurements  have  been  used  to  derive  the  characteristics  of  the  interstellar 
hydrogen  flow  in  the  inner  heliosphere.  Conclusions  can  be  drawn  on  the  effect 
of  the  heliospheric  interface  on  the  neutral  hydrogen,  by  comparison  with  the 
properties  of  the  helium  flow  and  those  of  the  local  interstellar  cloud  surround¬ 
ing  the  Sun. 
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REMOTE  RADIO  TRACKING  OF  CMEs 


M.J.  Reiner  (Hughes  STX,  Lanham,  MD,  USA) 

M.  L.  Kaiser,  J.  Fainberg  and  R.  G.  Stone  (NASA/GSFC,  Greenbelt,  MD) 


Coronal  and  interplanetary  shocks  associated  with  CMEs  often  generate  type  II  radio 
emissions  at  hectometric  and  kilometric  wavelengths.  Wind  and  Ulysses  have  detected 
these  radio  emissions  at  radio  frequencies  from  20  kHz  to  14  MHz.  Such  radio 
observations  provide  a  means  of  remotely  tracking  CMEs  from  the  solar  corona,  in  the 
range  of  the  SOHO  coronographs,  out  to  1  AU  and  beyond.  The  study  of  the 
interplanetary  transport  of  CMEs  is  important  for  predicting  the  terrestrial  impact  of 
CMEs  It  is  well  known  that  CMEs  with  associate  shocks  are  more  geoeffective  than 
those  without  shocks.  Thus  CMEs  with  associated  radio  emissions  are  more  likely  to 
be  geoeffective  than  those  without  radio  emissions.  We  have  developed  new  analysis 
techniques  that  inherently  reveal  the  dynamics  of  a  CME  as  it  propagates  through  the 
interplanetary  medium.  These  techniques  permit  us  to  identify  the  solar  origin  of  a 
CME,  predict  the  time  of  arrival  at  Earth,  determine  whether  the  type  II  radio 
emissions  occur  at  the  fundamental  and/or  harmonic  of  the  plasma  frequency  upstream 
or  downstream  of  the  CME  driven  shock  and  determine  where  along  the  shock  front 
the  emission  occurs. 


THE  DYNAMICS  OF  INTERPLANETARY  DUST  PARTICLES 
CLOSE  TO  THE  SUN:  THE  PLASMA-POYNTING-ROBERTSON 
EFFECTS  OF  THE  SOLAR  WIND  NEAR  THE  CORONA 

K.  Schere!*  (1),  H.-J.  Fahr  (2)  and  M.  Banaszkiewicz  (3) 

(1)  Max-Planck-Institut  fur  Aeronomie,  37191  Katlenburg-Lindau,  Germany, 

(2)  Institut  fur  Astrophysik  und  Extraterrestrische  Forschung,  Auf  dem  Hiigel 
71,  D-53121  Bonn,  (3)  Space  Research  Center,  Bartycka  18a,  P100716  Warsaw, 
Poland. 

The  orbits  of  zodiacal  1  - 10/4  dust  grains  near  the  solar  corona  are  substantially 
influenced  by  the  plasma-Poynting-Roberston  force,  which  is  governed  by  the 
thermodynamical  structure  of  the  solar  wind  near  the  corona.  Because  of  the 
strong  spatial  variations  of  the  density,  temperature  and  Mach  number,  the 
local  drag  coefficient  also  shows  a  strong  variability.  Opposite  to  the  far  solar 
wind,  where  the  drag  coefficient  is  constant,  the  drag  coefficient  at  distances 
less  than  0.3  AU  strongly  depends  on  the  spatial  coordinates.  In  this  region 
also  the  three-dimensional  structure  of  the  solar  wind  leads  to  an  interesting 
latitudinal  influence  of  the  solar  wind  to  the  orbits  of  the  dust  particles  and 
the  resulting  number  density  of  the  zodiacal  grains.  We  will  present  first  results 
and  discuss  the  consequences  for  the  radial  drift  of  dust  grains  and  their  size 
distribution  close  to  the  Sun. 


SOLAR  CYCLE-INDUCED  MODULATIONS  OF  THE  INTER¬ 
PLANETARY  PICKUP  ION  FLUXES 
Daniel  Rucinski  and  Maciej  Bzowski 

Space  Research  Centre  of  the  Polish  Academy  of  Sciences,  Bartycka  18  A,  GO- 
716  Warsaw,  Poland. 

In  the  paper  we  present  results  of  the  modelling  of  the  expected  solar  cycle- 
induced  modulation  of  the  production  rates  and  the  resulting  fluxes  for  sev¬ 
eral  most  abundant  pickup  species  in  the  interplanetary  space  (H+,  He+,  0+ , 
Ne+).  This  modelling  is  focused  mainly  on  the  inner  part  of  the  solar  system 
{R  <  b  AU)  with  special  stress  on  observations  performed  from  1  AU  and 
along  the  Ulysses  flight-path.  Adopting  realistic  courses  of  the  variabilities  of 
the  photoionization  and  charge-exchange  rates  during  the  period  1974-1994  for 
different  neutral  interstellar  species,  we  model  the  time- variations  of  their  dis¬ 
tribution  in  the  inner  heliosphere,  as  well  as  the  variations  of  the  corresponding 
pickup  ion  fluxes.  It  is  shown  for  the  considered  pickup  ions  that  essentially  only 
the  He+  flux  variations  are  correlated  with  the  solar  activity,  and  for  the  other 
species  (especially  those  with  lower  ionization  potential,  as  H  and  O)  one  may 
expect  the  opposite  behaviour.  In  particular,  we  demonstrate  that  in  the  case 
of  H+  pickup  ions  a  part  of  the  expected  flux  variabilities,  most  pronounced 
in  the  downwind  region,  may  be  caused  not  only  by  the  time- varying  ioniza¬ 
tion  effects,  but  also  by  the  variation  of  the  solar  Lyman-a  radiation  pressure, 
which  significantly  affects  the  local  distribution  of  the  neutral  H  atoms  in  the 
inner  regions  of  the  heliosphere.  We  also  show  that  while  at  small  heliocentric 
distances  {R  <  3  AU)  the  maximum  of  the  H+  and  0+  pickup  fluxes  is  ex¬ 
pected  around  the  upwind  axis,  the  He+  and  Ne+  form  the  characteristic  'cone' 
structure  with  significantly  enhanced  flux  in  the  downwind  region. 


SHORT  VARIABILITY  OF  THE  SOLAR  WIND  PARAMETER 
K.  Scherer  (1),  J.  Woch  (1)  and  H.-J.  Fahr  (2) 

(1)  Max-Planck-Institut  fur  Aeronomie,  37191  Katlenburg-Lindau,  Germany. 

The  variations  of  the  solar  wind  parameter,  like  velocity  and  density,  become 
more  important  in  astrophysical  observations  (e.g.  Scherer  et  al.  1997).  Here  we 
study  the  short-term  variations  of  the  solar  wind  plasma  parameters  obtained 
from  the  spacecraft  Helios  l/2,  OMNI,  Pioneer  10/11,  Ulysses  und  Voyager  1/2. 
On  all  spacecraft  we  observe  variations  in  density  and  velocity  with  periods  of 
25.3  days  and  13.3  days,  which  are  connected  with  the  solar  rotation  and  the  tit; 
of  the  magnetic  equator  with  respect  to  the  ecliptic.  In  addition  both  periods 
vary  with  the  solar  cycle.  Here  we  will  discuss  these  variations  as  well  as  their 
influence  to  astrophysical  observations  (pulsars,  etc.). 


COMPARISON  OF  THE  COSMIC  RAY  FLUXES  MEASURED 
ONBOARD  OF  PIONEER  10  AND  PIONEER  11 

K.  Scherer  (1)  and  H.  Fichtner  (2) 

(1)  Max-Planck-Institut  fur  Aeronomie,  37191  Katlenburg-Lindau,  Germany. 
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The  Pioneer  10  and  Pioneer  11  spacecraft  are  presently  located  at  heliocentric 
distances  of  ~  67  AU  in  the  downwind  and  ~  50  AU  in  the  upwind  direction  of 
the  local  interstellar  medium.  Therefore,  the  spacecraft  have  probed  different 
regions  of  the  heliosphere.  Since  the  Charged  Particle  Instruments  (CPI),  the 
Trapped  Radiation  Detectors  (TRD)  and  Geiger  Tube  Telescopes  (GTT)  are 
almost  identical,  the  corresponding  measurements  before  1992  (the  end  of  the 
Pioneer  11  mission)  are  uniquely  suited  to  compare  the  cosmic  ray  fluxes  in 
the  upwind  (Pioneer  11)  and  the  downwind  heliosphere  (Pioneer  10).  We  will 
present  first  results  obtained  with  a  new  anlaysis  of  data  obtained  by  these 
TRD-,  CPI-.  and  GTT-instruments. 


LONGTERM  VARIABILITY  OF  THE  SOLAR  WIND  PARAME¬ 
TERS 

K.  Scherer  (1),  E.  Marsch  (1),  R.  Schwenn  (1)  and  H.-J.  Fahr  (2) 
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In  the  solar  wind  parameters  (i.e.  density  and  velocity)  periodic  variations  of 
400  days  (Richardson  et  al.,  1994)  have  been  observed.  We  analyse  the  power 
spectrum  of  the  time  variations  of  the  plasma  parameters  with  the  data  from 
the  spacecraft  Helios  1/2,  OMNI,  Pioneer  10/11,  Ulysses  and  Voyager  1/2.  The 
time  series  from  these  spacecraft  are  even  long  enough  to  resolve  the  solar  cycle 
variation  (11  years),  and  hence  allow  us  to  study  the  quasi-l-year  periods.  This 
longterm  variability  is  not  yet  well  understood.  We  will  present  first  results 
and  discuss  possible  connections  with  the  solar  rotation  and  the  solar  cycle 
variations. 
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THE  INFLUENCE  OF  THE  NEUTRAL  GAS  DRAG  IN  THE  OUT- 
ERHELIOSPHERE 

K.  Scherer 

Max-Planck-Institut  fur  Aeronomie,  37191  Katlenburg-Lindau,  Germany. 

In  the  outer  heliosphere  the  density  of  the  incoming  neutral  gas  becomes  larger 
than  the  solar  wind  density.  Therefore,  the  drag  force  acting  on  dust  particles 
is  dominated  by  the  neutral  gas  drag,  which  is  similar  to  the  plasma  Poynting- 
Robertson  effect.  The  main  difference  is  that  opposite  to  the  radial  plasma 
Poynting-Robertson  force  the  neutral  gas  drag  acts  along  the  flow  direction  of 
the  interstellar  medium.  It  can  be  shown,  that  this  effect  even  dominates  at 
solar  distance  of  20  AU  the  evolution  dust  particles,  with  spherical  diameters 
larger  than  10  micrometer.  In  the  region  of  the  Edgeworth-Kuiperbelt  the  dust 
particle  migrates  to  eccentricities  close  to  1  in  less  than  <  106  years.  Therefore, 
the  outer  heliosphere  should  be  almost  a  dust  free  region.  The  semi-analytical 
solutions  of  the  perturbation  equations  will  be  presented  and  the  influence  of 
the  neutral  gas  to  the  heliosphere  and  to  protoplanetary  disk  will  be  discussed. 


ULYSSES  OBSERVATIONS  OF  A  PAIR  OF  SLOW  MODE  SHOCKS  INSIDE  A 
CORONAL  MASS  EJECTION 
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K.  A.  Anderson  (3) 
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From  February  3-5  1995,  as  Ulysses  was  approaching  the  ecliptic  at  24  °  S 
latitude,  it  was  intercepted  by  the  first  CME  that  had .  been  seen  in  many 
months.  The  CME  was  of  the  "over-expansion"  type  seen  previously  at  high 
latitudes  and  was  accompanied  by  energetic  ions  and  electrons.  The  magnetic 
field  and  plasma  measurements  revealed  a  signature  within  the  CME  similar  to 
that  first  seen  in  the  Earth's  distant  magnetotail  by  ISEE-3.  The  latter  signature 
has  been  identified  as  a  pair  of  slow  mode  shocks  bounding  a  region 
(plasmasheet)  containing  reconnected  field  lines.  Analysis  of  the  Ulysses  data 
has  confirmed  that  a  pair  of  slow  mode  shocks  are  present  at  the  boundaries  of 
this  structure.  La  addition,  a  current  sheet,  across  which  the  field  reverses 
direction,  has  been  found  to  lie  between  the  shocks.  The  energetic  particles 
appear  to  be  affected  by  these  discontinuties.The  existence  of  this  complex 
structure  inside  a  CME  is  striking  ,  not  having  been  reported  previously.  It 
suggests  magnetic  reconnection  within  the  CME  at  an  x-type  neutral  point, 
evidence  of  which  has  proven  elusive  in  the  past. 


THE  CONNECTION  OF  THE  FAST  SOLAR  WIND  TO  THE 
CHROMOSPHERIC  NETWORK  PATTERN 

G.V.  Sukhorukova,  W.I.  Axford  and  J.F.  McKenzie  (  Max-Planck-Institute 
fur  Aeronomie  D-37191  Katlenburg-Lindau,  Germany) 

We  analyze  how  the  fast  solar  wind  originates  from  the  chromospheric  network 
pattern  through  magnetic  funnels  located  at  the  boundaries  of  the  network.  At 
the  feet  of  these  funnels  are  located  thin  ionizing  layers  in  which  the  ionization 
is  predominantly  created  by  electron  impact  collisions  but  in  the  lower  regions 
of  these  layers  photoionization  by  EUV  photons  can  become  important. 
Provided  the  downward  electron  heat  flux  is  sufficiently  great  the  flow  in  the 
funnel  remains  subsonic  thronghout,  otherwise  it  becomes  choked  or  exhibits 
a  critical  supersonic-subsonic  transition.  For  temperatures  appropriate  to  the 
lower  corona  and  chromosphere,  and  with  reasonable  temperature  gradients 
the  layer  is  situated  at  about  700  km  below  the  coronal  base  and  the  density  is 
around  4  *  I010.  We  also  discuss  the  absence  of  a  FIP  effect  and  the  possibility 
of  helium  depletion. 


TEMPORAL  VARIATIONS  OF  INTERPLANETARY  LYMAN  a 
RADIATION  MEASURED  BY  SWAN 
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A  SWAN  (Solar  Wind  ANisotropies  onboard  SOHO  (SOlar  Heliospheric  Obser¬ 
vatory)  satellite  has  measured  interplanetary  Lyman  a  intensity  since  Decem¬ 
ber  1995.  Solar  Lyman  a  radiation  is  scattered  by  hydrogen  atoms  which  move 
through  the  solar  system  4-5  AU/year.  SWAN  measures  the  interplanetary  Ly¬ 
man  a  radiation  at  1  AU  from  all  directions  of  the  sky.  Approximately  three 
fullskv  maps  of  interplanetary  Lyman  o  intensity  are  observed  in  a  week.  The 
data  measured  during  these  two  years  are  used  to  study  temporal  variations  of 
solar  Lyman  a  radiation. 


CME  SHOCKS  AND  THEIR  IDENTIFICATION  IN  LASCO  DATA 
T.V.  Stepanova  (1)  and  A.G.  Kosovichev  (2) 
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Formation  of  shock  waves  in  front  of  expanding  magnetic  structures,  such  as 
loops  and  arches,  is  predicted  by  theoretical  models  of  coronal  mass  ejections 
(CME).  These  shock  waves  have  been  detected  in  the  solar  wind  at  large  dis¬ 
tances  from  the  Sun.  However,  their  observation  at  short  distances  in  the  solar 
corona  has  been  difficult.  The  structure  of  the  shocks  is  determined  by  pro¬ 
cesses  of  turbulent  momentum  and  energy  transport  in  the  coronal  plasma. 
Our  numerical  simulation  show  that  the  shock  front  is  not  distinctively  sharp, 
and  thus  is  not  necessarily  associated  with  sharp  features  in  CME  images.  We 
have  attempted  to  identify  the  shocks  in  the  LASCO  data  by  comparing  the 
radial  intensity  profiles  in  limb  CME  with  the  theoretical  model  (Stepanova. 
T.V.  and  Kosovichev,  A.G.,  1993,  Space  Sci.  Rev.,  70,  171).  We  demonstrate 
that  the  shocks  can  be  identified  at  least  in  some  cases  of  CME  of  the  simple 
loop-like  structure.  The  LASCO  observations  give  evidence  for  turbulent  flows 
associated  with  the  shocks.  We  have  determined  the  speed  of  the  shocks  and 
expanding  loops  and  compared  with  our  model. 


SOLAR  WIND  AND  IMF  PARAMETERS  AT  THE  EARTH  S 
ORBIT  DURING  THREE  SOLAR  CYCLES 
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We  have  used  the  solar  wind  and  IMF  NSSDC  OMNIWeb  data  set  (1964- 
1996)  to  study  long-term  variations.  Data  base  contains  about  250  000  hourly 
averaged  values  of  the  solar  wind  velocity,  density,  temperature  and  magnetic 
field  strength  and  vector  components.  Three-monthly  running  averaged  values 
of  all  these  parameters,  as  well  as  solar  and  geomagnetic  indexes  were  calcu¬ 
lated  and  intercom  pared  during  different  phases  of  the  20,  21  and  22-d  solar 
cycles.  General  trends  and  solar  cycle  variations  are  evaluated  and  compared 
with  published  results.  Points  of  correspondence  and  differences  are  noticed. 
New  features  in  the  density  and  the  temperature  are  found.  Mass,  momentum, 
energy  and  enthalpy  flux  densities;  thermal,  dynamic  and  magnetic  pressures: 
plasma  beta;  Alfven  speed,  adiabatic  sound  speed;  sonic  Mach.  Alfven  -  Mach 
and  magnetosonic  Mach  numbers  also  show  specific  variations.  Possible  inter¬ 
pretations  are  suggested  using  the  concepts  of  the  magneticaly  open,  closed 
and  intermittent  types  of  the  solar  wind  sources.  We  conclude  that  the  ob¬ 
served  variations  at  the  Earths  orbit  are  related  to  the  space-time  evolution  of 
the  mentioned  sources  on  the  Sun  and  their  different  proportions  during  differ¬ 
ent  solar  cycle  phases.  Magnetic  fields  of  the  Sun  and  the  heliospheric  current 
sheet  play  the  mediating  role. 
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FORCING  OF  DIFFERENTIAL  ROTATION  AT  THE 
INTERFACE  BETWEEN  THE  CONVECTIVELY  STABLE 
AND  UNSTABLE  LAYERS 
E.  Tikhomolov 

Institute  of  Solar-Terrestrial  Physics,  664033  Irkutsk,  P.O.Box  4026,  Russia, 
e-tikhfliszi .  irk.ru 

A  model  of  the  region  near  the  interface  between  solar  convection  and  radiative 
zones  is  suggested.  The  essential  feature  of  the  model  is  the  consideration  of 
the  deformation  of  the  interface  between  convectively  stable  and  unstable  parts 
of  the  layer  which  appears  to  be  due  to  the  influence  of  large-scale  flows  on  the 
conditions  in  this  region.  Two-dimensional  numerical  simulations  show  that 
one  of  the  consequences  of  the  interface  deformation  is  the  appearance  of  lati¬ 
tudinal  gradient  in  temperature  distribution  which  gives  rise  to  strong  vertical 
gradients  in  angular  velocity  in  the  vicinity  of  the  interface.  Such  differential 
rotation  is,  in  fact,  the  thermal  wind  likfe  in  the  Earth’s  atmosphere.  The  other 
consequence  of  the  deformation  of  the  interface  is  the  forcing  of  differential 
rotation.  It  is  found  that  the  pumping  mechanism  is  similar  to  the  deforma- 
tional  long-wave  instability  mechanism  that  operates  in  the  rotating  fluid  layer 
heated  from  below  with  a  deformable  upper  stress-free  surface.  Nonlinear  ef¬ 
fects  lead  to  the  limitation  on  the  amplitude  of  the  differential  rotation  and  to 
the  establishment  of  the  stationary  pattern.  Stationary  differential  rotation  is 
in  qualitative  agreement  with  the  recent  results  obtained  by  helioseismology. 
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SUPRATHERMAL  SOLAR  PARTICLES  IN  LUNAR  SOILS  -  A 
COMPARISON  WITH  LONG  -  TIME  FLUX  AVERAGES  IN¬ 
FERRED  FROM  SPACECRAFT  MEASUREMENTS 
R.  F.  Wimmer-Schweingruber  (1),  P.Bochsler  (1),  R.Wieler  (2)  and 
K.Bamert(l) 

(1)  Physikalisches  Institut,  University  of  Bern,  Switzerland,  (2)  Institut  fur 
Isotopengeologie  und  Mineralische  Rohstoffe,  NO  C61,  ETH  Zurich,  CH-8092 
Zurich,  Switzerland. 

robert .wimmerCphim.unibe.ch/Fax:  [41]  31-631-44-05 

Trapped  gases  in  lunar  soils  contain  a  low-energy  component  which  is  gener¬ 
ally  ascribed  to  implanted  solar  wind  particles  and  a  second,  “high-energy” 
component,  with  a  different  isotopic  signature  which  is  attributed  to  “solar 
energetic  particles”  or  suprathermal  particles.  The  more  energetic  component 
amounts  to  tens  of  percent  of  the  total  trapped  solar  noble  gas  content.  Even 
though  partial  loss  of  the  shallowly  implanted  solar  wind  particles  can  lead  to 
a  relative  enrichment  of  higher  energy  particles,  the  data  apparently  require  a 
flux  of  suprathermal  particles  orders  of  magnitude  bigger  than  expected  from  a 
comparison  with  a  typical  energy  distribution  as  observed  with  spacecraftborne 
instruments. 

We  have  begun  to  establish  a  database  of  published  energy  and  velocity  spectra 
of  suprathermal  particles  and  derive  a  long-time  flux  average.  We  discuss  this 
long-term  average  flux  in  relation  to  the  appearance  of  corrotating  interaction 
regions  in  the  inner  solar  system.  We  speculate  about  the  frequency  of  such 
events  during  the  history  of  the  lunar  regolith. 


METHODS  FOR  A  COMPLETE  IDEAL  MHD  STABILITY 
STUDY  OF  ID  LINE-TIED  CORONAL  LOOPS 
R.A.M.  Van  der  Linden  (1)  and  A.W.  Hood  (2) 

(1)  Centre  for  Plasma  Astrophysics,  Katholieke  Universiteit  Leuven,  Celestij- 
nenlaan  200B,  B-3001  Heverlee,  Belgium,  (2)  Dept,  of  Mathematical  and  Com¬ 
putational  Sciences,  University  of  St.  Andrews,  St.  Andrews  KYI6  9SS. 

ronald . vanderlindenOwis.kuleuven.ac.be 

A  procedure  is  introduced  to  perform  a  complete  ideal  MHD  stability  analysis 
of  one-dimensional  cylindrical  equilibrium  models  for  coronal  loops,  including 
the  important  effect  of  line-tying.  The  stability  is  completely  determined  by 
calculating  the  critical  (marginally  stable)  length  for  the  onset  of  ideal  MHD 
instabilities  for  every  azimuthal  wave  number  m.  The  analysis  consists  of  the 
combination  of  WKB  methods  to  determine  the  critical  length  of  intermediate 
to  high  (infinite)  values  of  m  with  a  numerical  code  (using  bicubic  finite  ele¬ 
ments)  for  the  low  to  intermediate  values  of  m.  It  is  found  that  for  sufficiently 
large  m  the  critical  length  can  be  expressed  as  le  =  l0  +  /i/m  for  non-force- free 
fields  and  as  lc  =  mlo+h/m  for  sheared  force-free  fields.  It  is  also  demonstrated 
that  in  general  either  the  m  =  1  or  the  m  — >  oo  mode  has  the  shortest  critical 
length,  the  former  being  the  first  to  become  unstable  for  nearly  force-free  mag¬ 
netic  fields,  the  latter  for  strongly  non-force- free  fields.  Therefore,  a  stability 
analysis  of  these  two  modes  will  normally  suffice,  with  perhaps  a  need  for  some 
more  numerical  calculations  near  the  point  where  the  modes  cross  over.  The 
combination  of  these  two  tools  provides  a  complete  stability  assessment. 


SOLAR  WIND  STREAM  INTERFACES  IN  COROTATING  IN¬ 
TERACTION  REGIONS:  SWICS/ULYSSES  RESULTS  II 
R.  F.  Wimmer-Schweingruber  (1),  R.von  Steiger  (2)  and  R.Paerli  (1) 

(1)  Physikalisches  Institut,  University  of  Bern,  Switzerland,  (2)  International 
Space  Science  Institute,  Bern,  Switzerland. 
robert.wimmerOph.iiii.uniba.ch/Fax:  [41]  31-631-44-05 

Motivated  by  the  well-known  differences  in  charge  -  state  and  even  elemental 
composition  of  the  slow  solar  wind  as  compared  to  high-speed  streams,  we  have 
analyzed  observations  made  by  the  Solar  Wind  Ion  Composition  Spectrome¬ 
ter  (SWICS) /Ulysses  mass  spectrometer  of  the  series  of  corotating  interaction 
regions  (CIRs)  encountered  by  Ulysses  in  1997/1998  at  4.5  -  5.4  AU  from  the 
Sun.  We  identify  stream  interfaces  within  each  CIR  by  their  kinetic  and  compo¬ 
sitional  signatures  as  described  in  Wimmer-Schweingruber  et  al .  [JGRf  ,  102, 
(1997),  17407  -  17417]  for  the  stream  interfaces  observed  in  1992/1993.  and 
give  an  update  on  those  observed  in  the  time  period  mentioned  above. 


ESTIMATES  OF  SCALE  SIZE  OF  IRREGULARITIES  IN  THE 
FAST  AND  SLOW  SOLAR  WIND  USING  EISCAT 
OBSERVATIONS  OF  INTERPLANETARY  SCINTILLATION. 

C.  VarlcvflV  P.J.S.  Williams  (1),  P.J.  Moran  (1),  W.  Wilkinson  (1), 

R,  Fallows  (1),  A.R.  Breen  (2)  and  W.A.  Coles  (3) 

(1):  UWA,  Aberystwyth,  Wales,  (2):  Max-Planck-Iiislilnt  fur 
aoronomie,  Katlenburg-Lindau,  Germany  (3):  University  of  California  , 
San  Diego,  California,  USA 

The  variation  of  the  maximum  correlation  coefficient  between 
scintillations  (IPS)  observed  by  two  EISCAT  antennas  according  to 
their  radial  and  transverse  separation  depends  on  the  actual  scale  of  the 
irregularities,  Analysis  of  the  power  spectra  of  IPS  measurements  of 
the  solar  wind  using  the  EISCAT  system  yields  a  definite  high- 
frequency  cut-off  which  varies  with  heliocentric  distance.  This  cutoff 
can  bo  interpreted  in  terms  of  the  scale  size  of  irregularities  in  the  solar 
wind  by  using  bi-static  measurements  of  the  solar  wind  velocity.  The 
analysis  of  scintillation  in  terms  of  the  scale  of  irregularities  is 
discussed,  including  possible  reasons  for  the  significant  differences  and 
similarities  between  the  fast  and  slow  solar  wind. 


INVESTIGATION  OF  COSMIC  RAY  VARIATIONS  BY  THE 
MULTI-CHANNEL  REGISTRATION  IN  THE  DIFFERENT  EN¬ 
ERGETIC  RANGES 
V.  L.  Yanchukovsky 

Institute  of  Geophysics  SB  RAS,  University  av.,  3,  Novosibirsk,  Russia  630090. 
hooCuiggm . nsc . ru 

The  integral  equation  system  is  worked  out  on  a  basis  of  the  ground  multi¬ 
channel  registration  of  the  cosmic  ray  intensity  in  several  energetic  ranges.  It  is 
shown  that  solution  of  integral  equation  system  describing  the  temporal  cosmic 
ray  variations  allows  to  separate  the  observed  variations  to  the  different  origin 
components.  Solution  of  the  equation  system  allows  to  find  the  parameters  of 
cosmic  ray  primary  spectrum,  the  changes  of  geomagnetic  cut-off  rigidity,  also 
the  changes  of  the  atmospheric  pressure  and  the  averaged  temperature  through 
the  atmosphere. 
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DO  ALL  SOLAR  ATMOSPHERE  AREAS  PROVIDE  EQUAL  SO¬ 
LAR  WIND  KINETIC  ENERGY  FLUX  ? 

Yu.  I.  Yermolaev 

Space  Research  Institute,  Moscow  117810,  Russia. 
yermolCafed.iki.rasl.ru/Fax:  [7]  095  310  7023 

Analysis  of  solar  wind  data  obtained  on  the  Prognoz  7  satellite  allowed  for 
selecting  different  types  of  solar  wind  streams  and  comparing  bulk  parameters 
in  different  types  of  streams  (Yermolaev,  ASP  Conf.Ser.,  95,  288,  1996;  Yermo¬ 
laev  and  Stupin,  JGR,  102,  2125,  1997).  These  data  show  that  (1)  processes 
of  proton  and  alpha  acceleration  are  similar  in  the  heliospheric  current  sheet 
(HCS)  and  streams  from  coronal  streamers  (CS)  and  they  differ  from  ones  in 
the  streams  from  coronal  holes  (CH),  (2)  average  kinetic  energy  flux  of  ions  £* 
in  HCS  and  CS  is  very  closed  to  £*  in  CH,  and  (3)  the  Sun’s  loss  of  ion  kinetic 
energy  in  HCS  and  CS  is  equal  to  one  in  CH.  These  relations  allow'  us  to  suggest 
a  hypothesis  that  mechanisms  of  solar  wind  formation  provide  the  equality  of 
Ek  in  different  large  scale  structures  in  the  solar  atmosphere,  the  coronal  mass 
ejections  being  caused  by  £*  deficit  in  a  solar  wind  stream  (or  by  excess  of  en¬ 
ergy  in  a  solar  corona  area  being  responsible  for  this  stream).  The  hypothesis 
should  be  tested  by  solar  wind  measurements  at  different  heliolatitudes  because 
only  small  number  of  CH  may  be  studied  near  ecliptic  plane. 


ST6  Nonlinear  dynamics  in  the  heliosphere 
(co-sponsored  by  NP) 
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SPACE  -  TIME  DYNAMICS  MODELING  OF  INTENSIVE 
ALFVEN  WAVE  COLLISION  IN  SOLAR  WIND  PLASMA 

N.A.  Barkhatov 

Nizhny  State  Pedagogical  University,  Nizhny  Novgorod,  Russia 
nQbarkh.sci-nnov.ru 

Space-time  collision  dynamics  of  intensive  Alfven  waves  in  Solar  wind 
plasma  is  analyzed  on  the  basis  of  the  magnetohydro  dynamic  concep¬ 
tion.  For  this  purpose  a  special  computer  program  realizing  MHD 
equations  in  one-scale  approximation  and  making  possible  to  carry 
out  calculating  experiments  in  dialog  regime  was  used.  In  numer¬ 
ical  experiments  Alfven  wave  transformation  into  magnetic  sound 
and  the  influence  of  given  disturbances  scales  correlation  on  result 
of  their  interaction  were  studied.  Simulation  confirms  phenomenon 
of  reflection  from  the  regions  of  abrupt  parameters’  change,  which 
are  sensitive  to  space  scales  of  interacting  objects.  Obtained  results 
are  the  illustration  of  the  intensive  Alfven  wave  interaction  process, 
carrying  the  high  level  of  magnetosound  disturbance  in  Solar  wind. 


MAGNETOHYDRODYNAMIC  SOLITARY  WAVES: 
RELEVANCE  TO  SOLAR  WIND  OBSERVATIONS 

K^JB-aumgartel ,  P.  Hackenberg,  G.  Mann  (Astrophysikalisches 
Institut  Potsdam,  D- 14482  Potsdam) 
kbaumgaertel@aip.de 

Inclusion  of  Hall  current  and/or  finite  Larmor  radius  (FLR) 
corrections  introduce  dispersion  into  the  standard  ideal  MHD 
theory  and  provides  the  existence  of  solitary  MHD  waves.  Unlike 
most  of  the  studies  on  solitons  in  collision-free  plasmas,  which 
are  based  on  weakly  non-linear,  time-dependent,  evolution 
equations  (KdV,  DNLS),  we  start  from  the  fully  non-linear  basic 
system  and  isolate  solitary  waves  from  the  family  of  ID 
stationary  waves  with  the  help  of  the  fixed-point  analysis.  Spatial 
structures  are  presented  and  the  strong  influence  of  the  plasma 
thermodynamics  is  pointed  out.  Relevance  of  these  solitons  to 
solar  wind  observations  (magnetic  holes,  interplanetary  field 
enhancements)  is  suggested. 


ALFVEN  WAVE  COLLAPSE  IN  THE  SMALL-DISPERSION 
LIMIT 

S.  Champeaux,  T.  Passot  and  P.  L.  Sulem 

Observatoire  de  la  Cote  d’Azur,  BP  4229,  06304  Nice  Cedex  4,  France. 

Dispersive  Alfven  wave  trains  propagating  along  an  ambient  magnetic  field  are 
circularly  polarized  and  their  envelope  obeys  the  scalar  nonlinear  Schrodinger 
equation,  with  possible  coupling  to  magnetosonic  waves.  According  to  the 
of  the  plasma,  convective  or  absolute  modulational  instabilities  with  respect 
to  transverse  perturbations  lead  to  Alfven  wave  filamentation  with  possible 
formation  of  sharp  acoustic  fronts. 

For  weak  dispersion,  this  collapse  proceeds  with  a  roughly  circular  polarization, 
up  to  a  critical  transverse  scale  /j.  such  that  ^  as  (^-)”1/r2(^)-1  where 
measures  the  characteristic  dispersive  length,  A  the  Alfven  wavelength  and  ^ 
the  relative  amplitude.  The  wave  then  ceases  to  be  circularly  polarized  and  its 
amplitude  saturates.  In  this  regime,  the  envelope  dynamics  is  governed  by  a 
vector  nonlinear  Schrodinger  equation  with  anisotropic  diffraction.  Small  scales 
are  still  formed  but  instead  of  foci,  very  strong  gradients  develop  on  elongated 
structures. 
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SCALING  GYROSCOPE  CASCADE  MODELS  AND  THE 
MULTIFRACTAL  MHD  INTERMITTEN CY. 

Y-  Chipirinskava (I),  D.  Schertzer  (1)  and  S.  Lovejoy  (2) 

(1)  L.M.M.,  University  P.&  M.  Curie,  Paris,  France,  chigiri@lmm.jussieu.fr /Fax: 
(33-1)  44  27  52  59,  (2)  Physics  dept.,  McGill  University,  Montreal,  Canada. 

Hydrodynamics  intermittency  has  been  often  investigated  with  the  help  of 
some  simplified  caricatures  of  Navier-Stokes  equations.  Well-known 
examples  are  the  Burgers  equation  and  shell -models. 

Since  the  spatial  dimension  is  absent  in  shell -models,  whereas  it  ts  crucial  for 
the  development  of  intermittency,  a  more  complete  model  was  needed.  For 
hydrodynamics,  we  developed  such  a  model  -  the  Scaling  Gyroscope 
Cascade  (SGC),-  by  keeping  only  certain  type  of  interactions  of  the  Navier- 
Stokes  equations.  In  order  to  take  into  account  the  spatial  dimension,  while 
keeping  an  exponential  discretization  of  scales,  we  introduce  a  tree-structure 
of  eddies.  Along  this  tree- structure  the  equations  of  evolution  due  to  direct 
interactions  between  eddies  and  sub-eddies  are  analogous  to  the  Euler 
equations  of  a  gyroscope.  The  corresponding  indirect  interactions  are 
obtained  by  coupling  an  infinite  hierarchy  of  gyroscopes. 

We  present  a  simple  and  natural  extension  of  the  SGC  to  the  MHD  case. 
Based  on  the  considerations  of  the  structure  of  the  full  system  of  equations, 
the  MHD  SGC  could  be  interpreted  as  a  result  of  superposition  of  two 
similar  type  cascades.  We  show  the  relevance  of  the  SGC  models  for  an 
investigation  of  multifractal  MHD  intermittency  and  transitions  to  Self 
Organized  Criticality  for  extreme  events. 


MIXING  OF  THE  HELIOSPHERIC  MAGNETIC  FIELD  LINES 

G.  Erdos  (1).  A.  Balogh  (2)  and  J.  Kota  (1,3) 

(1)  KFKI  Research  Institute  for  Particle  and  Nuclear  Physics,  Budapest  H- 
1525,  Hungary,  (2)  The  Blackett  Laboratory,  Imperial  College,  London  SWT 
2BZ,  U.K.,  (3)  Lunar  and  Planetary  Laboratory,  University  of  Arizona,  Tucson 
AZ  85721,  U.S.A.. 

erdosCrmki.kfki.hu/Fax:  [361]  395  9151 

The  nature  of  the  fluctuation  of  the  heliospheric  magnetic  field  is  investigated 
based  on  Ulysses  observations.  A  novel  method,  the  spinor  formalism  is  applied 
to  discern  between  various  types  of  inhomogenities.  Among  those,  the  separa¬ 
tion  rate  of  the  adjacent  magnetic  field  lines  is  studied  in  detail,  including  its 
dependence  on  the  spatial  scale  of  the  inhomogenities.  It  is  argued  that  the 
separation  leads  to  the  mixing  of  field  lines,  which  is  an  important  constituent 
of  the  cross-field  diffusion  of  energetic  particles. 


SHOCKS  AND  ANTISHOCKS  IN  THE  MHD-THOMAS  MODEL 

S.  Galtier  and  J-D  Fournier 

Departement  Cassini,  CXRS  and  Observatoire  de  la  Cote  d’Azur,  BP  4229, 
06304  Nice  Cedex  4,  France. 

We  study  the  fronts  in  the  1-D  Thomas  model  of  MHD  at  large  magnetic 
Prandtl  number.  In  a  preliminary  numerical  study,  Passot  observed  a  shock 
configuration,  reminiscent  of  the  th  profile  of  the  stationary  Burgers  shock. 
Prompted  by  this  finding,  we  solved  exactly  the  stationary  case  at  infinite 
Prandtl  number;  four  families  of  solutions  are  relevant  in  the  physical  context; 
they  exhibit  a  th  profile  for  both  fields,  with  the  same  width  but  a  different  am¬ 
plitude,  possibly  with  a  minus  sign  (antishock).  We  also  performed  a  numerical 
study  of  the  dynamics  at  large  Prandtl.  At  times  of  order  unity,  some  station¬ 
ary  configurations  seem  to  be  attractive;  for  example  an  initial  condition  with 
a  negative  velocity  gradient  tends  to  a  configuration  displaying  a  v-shock  and 
a  b-shock  or  b-antishock.  We  studied  quantitatively  this  evolution  by  fitting 
locally  the  fronts  by  the  exact  stationary  profiles,  hence  obtaining  a  precise  de¬ 
scription  of  the  temporal  evolution  of  the  front  width.  A  good  agreement  was 
obtained  with  an  independent  calculation  of  this  width,  based  on  its  relation 
with  the  logarithmic  decrement  of  the  exponential  fall-off  of  the  energy  spectra 
at  very  small  scales.  At  much  larger  times,  some  of  the  stationary  configura¬ 
tions  appear  to  be  only  metastable.  In  particular  the  solution  found  by  Passot 
evolves  tow'ards  a  configuration  with  a  b-shock  and  a  v-antishock.  This  may  be 
interpreted  in  terms  of  rarefaction  waves.  One  of  our  conclusions  is  that  when 
fronts  are  present,  they  are  locally  well  described  by  our  stationary  solutions. 


FINE  STRUCTURE  OF  COLLISIONLESS  SHOCKS:  THEORY 
AND  OBSERVATIONS 
M.  Gedalin 

Ben-Gurion  University,  Beer-Sheva,  Israel,  84105. 
gedalinCbgumail.bgu.ac.il/Fax:  972  7  6472904 

Well-accepted  theoretical  model  of  a  quasi-perpendicular  collisionless  shock  as¬ 
sumes  that  the  shock  front  is  one-dimensiona!  and  time-independent.  With 
these  assumptions  the  three-part  structure  of  the  high  Mach  number  supercrit¬ 
ical  shock  (foot,  ramp,  and  overshoot)  is  qualitatively  explained  as  produced 
due  to  the  interaction  of  ions  with  the  quasistationary  electric  and  magnetic 
fields  in  the  shock  front.  However,  quantitative  description  is  still  lacking.  The 
foot  length  is  determined  only  by  an  order  of  magnitude,  and  it  is  unknown 
what  determines  the  ramp  width.  On  the  other  hand,  observations  show  that 
there  is  no  typical  high  Mach  number  shock  profile,  and  the  shock  fine  struc¬ 
ture  is  rich,  varying  from  almost  stationary  to  clearly  nonstationary  (oscillating, 
for  example).  The  shock  front  appears  to  be  substantially  structured,  with  the 
smallest  quasi-stationary  scales  of  the  order  of  0.1(c/a;pj).  We  review  the  model 
of  the  one-dimensional  stationary  shock  and  observational  evidence,  together 
with  the  implications  for  further  theory  development. 


ROLE  OF  CORONAL  CONDITIONS  IN  THE  DEVELOPMENT 
OF  STREAMS,  INSTABILITIES  AND  TURBULENCE  IN  THE 
SOLAR  WIND 

Roland  Grappin  and  Jacques  Leorat 

Observatoire  de  Meudon,  D.A.E.C.,  92195  Meudon,  France. 

In  view  of  understanding  the  relation  between  coronal  conditions  and  turbu¬ 
lence  in  the  solar  wind,  we  consider  the  problem  of  generating  a  stellar  wind, 
using  axisymmetric  MHD  simulations  in  an  open  domain  containing  the  ac¬ 
celeration  region.  The  magnetic  field  is  the  sum  of  an  given  external  field  and 
an  induced  field  generated  by  the  flow,  the  latter  being  rapidly  dominant  as 
distance  increases.  Various  intensities  and  topologies  of  the  external  field  are 
considered. 

In  the  non-magnetic  case,  the  existence  of  streams  requires  thermal  inhomo¬ 
geneities  in  the  corona.  Streams  are  then  unstable  if  the  thermal  fluctuations 
are  large  enough,  and  the  turbulent  regions  are  the  wakes  of  the  (slow)  cold 
streams  embedded  in  between  (hot)  fast  streams.  The  radial  distance  for  tur¬ 
bulence  onset  and  turbulent  dissipation  depend  critically  on  coronal  turbulent 
properties.  A  moderate  magnetic  field  will  act  as  a  filter,  restricting  the  ex¬ 
istence  of  turbulent  wakes  to  regions  above  closed  magnetic  field  lines,  above 
coronal  streamers.  The  case  of  strong  magnetic  fields  (i.e.,  low  beta),  is  cur¬ 
rently  under  investigation. 


Analysis  of  the  Seasonal  Transport  of  Ozone  and  Water 
Vapor  into  the  Lower  Stratosphere 

P.  Hess  (National  Center  for  Atmospheric  Research,  P.O.  Box 
3000,  Boulder, CO  80307-3000,  U.S.A) 

The  composition  of  the  lowermost  stratosphere  is  influenced  by 
both  the  transport  of  well  aged  stratospheric  air  into  the  lower¬ 
most  stratosphere,  and  the  incorporation  of  fresher  air  more  re¬ 
cently  transported  through  the  tropical  and  subtropical  tropopause. 
Using  model  analysis,  satellite  data  and  chemistry  codes  the  rela¬ 
tive  importance  of  these  two  processes  are  diagnosed  as  a  function 
of  the  time  of  year  in  both  hemispheres. 
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Arc-Polarized  Discontinuities  in  the  Solar  Wind:  Multispacecraft  Studies 

C.  M.  Ho,  X  Tsurutani.  G.  S.  Lakhina,  R.  Sakurai,  B.  Buti,  B.  E.  Goldstein  (all  at 
Jet  Propulsion  Laboratory,  California  Institute  of  Technology,  Pasadena,  CA  91 109, 
e-mail:  btsurutani @jp!sp.jpl.nasa.gov) 

We  further  examine  the  properties  of  rotational  discontinuities  in  interplanetary 
space.  We  discuss  the  polarizations  of  the  discontinuities  relative  to  the  ambient 
magnetic  field  and  the  solar  wind  velocity.  The  relationship  of  al!  RDs  (regardless 
of  polarization)  with  regard  to  Alfv<Sn  waves  will  be  discussed.  We  will  show  that 
the  Alfv£n  waves  are  phase-steepened  with  the  RDs  representing  the  phase- 
steepened  front.  We  present  a  model  explaining  these  waves  as  spherical  waves 
with  arc  polarization. 

We  attempt  to  determine  the  direction  of  propagation  of  the  waves  using  a 
spacecraft  technique.  We  will  compare  the  true  RD  direction  of  propagation  to  that 
of  the  minimum  variance  and  intermediate  variance  directions. 


ON  THE  INTERACTION  BETWEEN  HELIOSPHERIC 
MAGNETIC  FIELDS  AND  LOCAL  INTERSTELLAR  MEDIUM 
IN  THE  HALE  CYCLE  OF  SOLAR  ACTIVITY 

N.  Klochek,  M.  Nikonova  and  L.  Palamarchuk 

Institute  of  Solar-Terrestrial  Physics,  P.O.Box  4026,  Irkutsk  664033,  Russia. 
klochekCiszf . irk . ru 

It  is  known  that  during  the  moving  of  solar  system  in  the  apex  direction  relative 
to  the  local  interstellar  medium  the  latter  exerts  an  action  on  the  heliospheric 
structure  making  it  nonspherical  like  a  structure  of  the  Earth’s  magnitosphere. 
It  has  been  shown  that  if  the  rotation  of  the  Sun  is  taken  into  consideration 
then  its  rotational  velocities  reveal  a  seasonal  longitudinal  nonuniformity  with 
an  annual  periodicity.  This  effect  manifests  itself  in  studying  both  of  rotation  of 
the  global  large-scale  magnetic  structures  (mean  solar  magnetic  field)  and  rota¬ 
tion  of  the  magnetic  fields  of  active  regions  (flux  solar  radiation  at  X  =  10.7cm). 
For  these  structures  of  different  scales  the  seasonal  longitudinal  nonuniformi¬ 
ties  of  the  rotation  (acceleration  or  slowdown  of  the  rotation  relative  to  its 
average  annual  value)  are  opposite-in-phase  so  they  can  not  be  explained  by 
the  peculiarities  of  the  Earth’s  orbital  motion.  There  appears  to  be  nonlinear 
counteraction  effect  within  the  system  of  the  interrelated  magnetic  fields.  The 
dynamics  of  these  nonuniformities  has  been  studied  during  the  22-year  Hale 
cycle  of  solar  activity  using  the  datasets  from  1976  to  1997.  Some  peculiarities 
of  the  dynamics  of  these  effects  have  been  discussed. 


WAVELET  ANALYSIS  OF  GEOMAGNETIC  TIME  SERIES 

P.  Kovacs  (1),  Z.  Voros  (2),  A.  Kbrmendi  (1),  AAV.  Green  (3)  and  L. 
Hegvmegi  (1) 

(1)  Eotvos  Lorand  Geophysical  Institute,  H-1440  Budapest.  POB  35,  Hungary. 

(2)  Geophysical  Institute  SAS,  94701  Hurbanovo,  Slovakia,  (3)  U.S.  Geological 
Survey,  MS  968,  POB  25046,  Denver,  CO  80225-0046,  USA. 
kovacsOelgi.hu/Fax:  [36  1]  384-3306 

Within  the  framework  of  the  project  "Global  Field  Line  Eigenmode  Study" 
geomagnetic  Pc3  and  Pc4  types  of  pulsations  are  investigated.  These  phenom¬ 
ena  are  generated  either  by  the  solar  wind  or  by  the  resonances  of  the  lines  of 
geomagnetic  field.  Baransky  et  al.  published  a  method,  called  gradient  method, 
to  distinguish  between  the  two  possible  driving  forces  of  a  given  pulsation.  This 
method  uses  the  dynamic  cross  Fourier  analysis  of  magnetic  D  or  H  component 
time  series  recorded  at  two  stations  located  on  the  same  geomagnetic  meridian 
about  100-200  km  apart.  The  fine  spectral  structure  of  the  pulsations,  i.e.  their 
exact  commencements  and  ends  or  their  real  frequencies,  however,  can  not  be 
appropriately  determined  from  the  spectrograms.  The  aim  of  this  paper  is  to 
provide  a  tool  to  improve  the  resolution  in  the  time-frequency  domain  with  the 
use  of  simple  and  cross  wavelet  spectrum  analysis.  The  authors  expect  that 
this  type  of  analysis  gives  a  better  insight  to  the  origin  and  dynamics  of  the 
resonances  of  both  types. 


ON  THE  SPECTRUM  OF  MAGNETIC  FIELD  FLUCTUATIONS  IN  THE 
SOLAR  PHOTOSPHERE 

Yu.V.  Kyzyurov,  S.F.  Nosov  (MAO  NASU,  Kiev-22,  252650,Ukraine; 
kyzyurov@mao.kiev.ua) 

It  is  known  that  the  fractal  structure  of  the  IMF  depends  on  the  structure  of  the 
magnetic  field  in  the  photosphere  and  the  MHD  turbulence  in  the  solar  wind.  In  this 
report  we  consider  the  process  of  generation  of  small-scale  mag-  netic  fluctuations 
(<1000  km)  by  turbulent  mo-  tions  of  partially  ionized  gas  in  the  photo-  sphere.  Using 
the  model  of  weakly  conducting  fluid  and  assuming  quasineutrality  and  isother- 
mality,  the  relation  between  the  magnetic  field  fluctuations  and  a  random  velocity  field 
is  derived  from  Ampere's  law.  Taking  into  account  the  Kolmogorov  picture  of  the 
turbulence  in  the  photosphere,  an  expression  for  the  wave-number  spectrum  of  the 
magnetic  fluctuations  is  ob-  tained.  This  spectrum  is  described  by  a  power  law 
dependence  and  discussed  in  the  report. 


A  COUPLED  ICE  SHEET- VISCOELASTIC  EARTH  MODEL  AS  A 
TOOL  TO  ASSESS  THE  PRESENT-DAY  IMBALANCE  OF  THE 
GREENLAND  ICE  SHEET 

E.  Le  Meur  (1)  and  P.  Huybrechts  (2) 

(1)  Alfred-Wegener-Institut  Bremerhaven  D-27515,  Germany,  (2)  Departement 
Geografie,  Vrije  Universiteit  Brussel,  Pleinlaan  2,  B-1050  Brussel. 
eglemeurCawi-bremerhaven.de/Fax:  [49]  471-4831-149 

The  present-day  imbalance  of  large  ice  sheets  is  of  great  concern  because  of  their 
potential  contribution  to  global  sea-level  change.  Unfortunately,  the  inference 
of  this  imbalance  from  either  mass-balance  measurements  or  from  radar  altime¬ 
try  data  is  not  very  satisfactory  yet  (poor  data  coverage,  controversy  in  satellite 
data..).  An  alternative  method  to  derive  this  imbalance  is  to  model  the  past 
behaviour  of  the  ice  sheet  and  to  analyse  the  present  evolution.  Additionnalv. 
the  gravity  perturbation  (from  both  ice  and  deep  Earth  spatial  redistributions) 
can  be  used  as  a  proxy  so  that  coupling  the  ice  sheet  with  a  viscoelastic  Earth 
model  offers  a  new  possibility  of  constraining  the  modern  imbalance.  This  pre¬ 
sentation  aims  at  specifying  how  such  a  full  ice  sheet-Earth  coupled  model  can 
help  in  extracting  the  elastic  component  from  the  total  elastic-viscous  gravity 
anomaly  (which  is  actually  measured)  and  also  allows  to  correct  for  the  height 
dependency  in  gravity  values  (free  air  gravity)  by  providing  the  crustal  dis¬ 
placements.  The  patterns  for  the  different  gravity  anomaly  components  as  well 
as  the  present  ice  sheet  imbalance  given  by  the  model  for  Greenland  will  be 
presented.  These  first  results  set  the  basis  for  a  discussion  on  the  possibilities 
of  using  field  data  to  constrain  the  present-day  imbalance  of  ice  sheets. 


ON  THE  UNIVERSAL  IMPORTANCE  OF  SMALL  SCALE  ELEC¬ 
TROSTATIC  STRUCTURES  IN  ACCELERATION/HEATING 
PROCESSES 

P.  Louarn  (1)  and  A.  Mangeney  (2) 

(1)  Observatoire  Midi-Pyrenees,  14  rue  E.  Belin,  31400,  Toulouse,  France, 

(2)  Observatoire  de  Paris-Meudon,  Place  Jansen,  92195,  Meudon,  France. 
louarnCobs-mip . f r 

It  was  recently  discovered  by  the  Wind  spacecraft  that  small  scale  coherent, 
electrostatic  structures  exist  in  the  solar  wind.  They  present  important  similar¬ 
ities  with  the  structures  already  observed  in  the  magnetosheath,  magnetotail 
(observations  by  Geotail  and  Galileo)  and  in  the  auroral  zones  (observations 
by  Viking  and  Freja).  In  a  systematic  wfay,  this  type  of  microscopic  turbulence 
seems  to  be  related  to  a  dissipation  of  energy  in  the  plasma  and  could  thus  be 
a  very  general  ingredient  of  the  acceleration/heating  processes.  The  character¬ 
istics  of  these  structures,  their  relationships  to  particular  physical  conditions 
and  range  of  parameters  will  be  discussed  on  t  he  basis  of  the  available  observa¬ 
tions?  and  their  potential  importance  in  the  acceleration/heating  mechanisms 
will  be  analysed. 
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SYNERGETIC  PROCESSES  ON  THE  SUN  AND  THEIR 
RELATIONSHIP  WITH  SOME  OBSERVATION  DATA 

S.L.  Lukov,  P.I.Y.  Velinov.  P.T.  Tonev,  L.N.  Mateev 

Central  Solar-Terrestrial  Influences  Laboratory,  Bulgarian  Academy  of 

Sciences,  Acad.G.Bonchev  Str.,  Block  3,  Sofia  1113,  Bulgaria 

Corresponding  to  the  basic  conceptions  of  synergetics,  in  this  paper  is 
considered  the  possibility  of  realization  of  self-organizing  processes  on  the 
Sun,  which  are  expressed  in  the  appearence  of  non  steady-state  periodic 
component  in  the  solar  energy  transfer.  The  latter  can  be  a  natural  cause 
for  the  observed  characteristic  pulsations  of  the  Sun  (T=160  min).  They 
have  no  yet  any  satisfactory  explanation.  Up  to  now  is  accepted  that  the 
two  thermonuclear  cycles  in  the  Sun:  proton-proton  (p-p)  and  carbon 
(CNO),  are  steady-state  and  have  constant  rate.  It  is  supposed  in  the 
present  paper  that  in  reality  exists  a  basic  steady-state  component  of 
energy  transfer.  It  follows  the  p-p  cycle  and  is  mixed  with  a  non  steady 
state  component,  which  is  connected  with  a  non  uniform  (pulsations) 
regime  of  realization  of  the  CNO-cycle.  The  latter  has  autocatalitic 
character  and  a  strong  temperature  dependence  of  the  different 
thermonuclear  reactions.  The  nuclear  system  is  descnbed  with  the 
equations  of  Lotka-Volterra,  which  are  solved  for  different  temperature 
models.  For  the  periods  of  oscillations  T=103  -  104  s  are  obtained. 


STRUCTURE  FUNCTIONS  AND  SCALINGS  ANALYSIS  OF  SO¬ 
LAR  WIND  FLUCTUATIONS 
E.  Marsch 

Max-Planck-Institut  fiir  Aeronomie,  D-37191  Katlenburg-Lindau,  Germany. 
roarschQl inmpi.mpg.de/Fax:  [49]  5556  979  240 

The  solar  wind  is  a  turbulent,  magnetofluid.  Intense  fluctuations  occur  on  a  wide 
range  of  scales  extending  over  several  orders  of  magnitude.  Clear  evidence  has 
been  found  in  the  data  for  intermittency  and  non-Gaussian  statistics.  To  anal¬ 
yse  these  features  the  scaling  properties  of  the  fluctuations  and  their  structure 
functions  have  been  investigated  in  detail.  Spacecraft  observations  show  that 
the  structure  functions  of  the  solar  wind  velocity  and  magnetic  field,  and  of 
the  proton  density  and  temperature  have  scaling  properties  consistent  with  an 
intermittent  behaviour.  This  is  most  obvious  in  the  probability  distributions, 
which  reveal  strong  deviations  from  a  Gaussian  and  indicate  small-scale  co¬ 
herent  dynamics.  The  turbulent  kinetic  energy  flux  shows  multifracta!  scaling, 
which  can  be  expressed  and  quantified  in  terms  of  its  multifractal  spectrum. 
Various  theoretical  concepts  and  models  have  been  developed  to  explain  the  so¬ 
lar  wind  observations  by  invoking  a  fractal  and  scale-dependent  energy  cascade. 
A  tutorial  presentation  of  some  of  the  models  is  given,  and  detailed  comparisons 
of  the  data  with  the  theories  are  presented. 


TESTING  FOR  FRACTAL  STRUCTURE  IN  THE  LOW-SPEED 
SOLAR  WIND  IN  THE  INNER  HELIOSPHERE 

Wieslaw  M.  Macek 

Space  Research  Centre,  Polish  Academy  of  Sciences,  Bartycka  18  A,  PL-00716 
Warsaw,  Poland. 

A  time  series  of  velocity  fluctuations  of  the  low-speed  stream  of  the  solar  wind 
measured  by  the  Helios  spacecraft  in  the  inner  heliosphere  is  analysed.  We 
invoke  a  modern  method  of  singular  system  analysis  to  give  a  faithful  repre¬ 
sentation  of  a  fractal  structure  in  the  solar  wind.  In  this  way,  the  data  are 
represented  in  terms  of  a  complete  set  of  orthogonal  functions,  obtained  from  a 
numerical  analysis  of  the  data,  and  not  imposed  from  outside,  as  is  in  Fourier 
analysis  or  wavelets  representations.  It  has  been  shown  that  singular  system 
analysis  is  the  powerful  method  of  the  reduction  of  the  inherent  experimen¬ 
tal  noise  in  the  experimental  data.  This  results  in  better  characteristics  of  the 
structures  and  proves  that  this  method  is  more  adequate  than  a  standard  mov¬ 
ing  average  smoothing.  Furthermore,  the  obtained  characteristics  of  the  fractal 
structure  are  significantly  different  from  that  of  the  surrogate  data.  Thus  the 
results  of  these  tests  suggest  that  the  inner  heliosphere  is  nonlinear  determin¬ 
istic  system,  at  least  in  the  inertial  manifold  of  the  phase  space  of  this,  as  a 
whole,  complex  high-dimensional  system. 


MULTISCALE  STRUCTURE  OF  THE  INTERPLANE¬ 
TARY  MAGNETIC  FIELD:  FRACTON  EXCITATIONS 
AND  THE  POWER-LAW  SPECTRA 


A.V.Milovanov  and  L.M.Zelenyi  (Space  Research  Institute,  Rus¬ 
sian  Academy  of  Sciences,  117810  Moscow,  Russia) 


We  study  the  statistics  of  the  magnetosonic  waves  on  the  clus¬ 
ters  of  the  IMF  whose  geometry  is  approximated  by  a  fractal.  Our 
prime  interest  concentrates  on  the  role  of  these  waves  in  formation 
of  the  power  spectra  of  the  IMF  fluctuations  in  the  corresponding 
frequency  ranges.  We  argue  that  the  magnetosonic  waves  on  the 
fractal  clusters  of  the  IMF  could  be  considered  as  a  specific  type 
of  quasiacoustic  excitations  termed  fractons  (Alexander  and  Or - 
bach ,  1982)  having  an  "unconventional”  dispersion  law  depending 
on  the  topological  properties  of  the  fractal  cluster.  In  this  context, 
we  propose  a  formalism  which  involves  an  investigation  of  the  con¬ 
nectivity  of  the  fractal  sets.  We  propose  an  unconventional  type 
of  wave  equation  with  the  fractional  time  derivative,  which  gener¬ 
alizes  the  standard  wave  equation  fof  the  fractal  geometries.  We 
prove  that  the  order  of  the  time  differentiation  in  this  equation  de¬ 
pends  explicitly  on  the  so-called  index  of  connectivity  of  the  fractal 
cluster.  We  found  an  analytical  solution  to  the  generalized  wave 
equation  on  fractals,  enabling  one  to  calculate  directly  the  power 
spectra  of  the  IMF  turbulence.  Our  results  show  a  good  agreement 
with  the  direct  spacecraft  measurements  of  the  IMF  turbulence  in 
a  wide  range  of  frequences  and  heliocentric  distances. 


OSCILLATORY  DISINTEGRATION  OF  NONEVOLUTIONARY 
SHOCK  WAVES 
S.A.  Markovskii 

Sternberg  Astronomical  Institute,  Moscow  State  University,  Moscow  119899, 
Russia. 

maxkQsai.msu.su 

We  suggest  a  new  scenario  of  nonlinear  evolution  of  nonevolutionary  MHD 
discontinuities.  For  such  a  discontinuity  the  problem  of  time  evolution  of  its 
small  perturbations  does  not  have  a  unique  solution.  Therefore,  it  cannot  ex¬ 
ist  as  a  stationary  configuration  and  must  disintegrate  or  transform  to  a  more 
general  nonsteady  flow.  Evolutionary  are  fast  and  slow  shocks,  while  trans- 
Alfvenic  shocks  (TASWs)  are  not.  This  conclusion  is  valid  for  the  shocks  with 
both  planar  and  nonplanar  structure.  The  key  feature  of  TASWs  is  that  their 
disintegration  configurations  necessarily  include  an  Alfven  discontinuity  (AD) 
that  is  also  nonevolutionary  in  the  presence  of  arbitrarily  small  but  nonzero 
dissipation.  We  show  that  the  contradiction  inherent  in  the  nonevolutionary 
shock  is  removed  if  its  evolution  has  the  form  of  oscillatory  disintegration,  i.e., 
reversible  transformation  to  the  AD.  We  also  apply  the  principle  of  evolution- 
arity  to  dissipative  discontinuities  in  the  profile  of  inviscid  supercritical  shocks. 
Using  this  approach,  we  obtain  the  conditions  under  which  such  shocks  cannot 
exist  as  a  stationary  flow.  In  analogy  with  the  shock  as  a  whole,  the  nonevolu- 
tionarity  of  the  internal  discontinuity  results  in  oscillatory  reformation  of  the 
shock  structure.  We  argue  that  the  nonevolutionarity  of  TASWs  is  the  reason 
why  they  are  observed  in  the  heliosphere  much  more  rarely  than  fast  shocks. 


SINGULAR  SYSTEM  ANALYSIS  OF  THE  SOLAR  WIND 
Lidia  Obojska  and  Wieslaw  M.  Macek 

Space  Research  Centre,  Polish  Academy  of  Sciences,  Bartycka  18  A,  PL-00716 
Warsaw,  Poland. 

The  solar  wind  data,  especially  in  the  low-speed  stream  with  irregular  fluc¬ 
tuations  of  velocities,  is  a  good  candidate,  to  apply  the  methods  of  nonlinear 
analysis.  In  the  embedding  space,  constructed  due  to  the  Takens  theorem,  the 
singular  analysis  allows  us  to  recognize  the  directions  that  are  most  frequently 
visited  by  the  trajectory  and  by  reducing  the  noise  to  estimate  the  dimension  of 
the  reconstructed  space.  The  embedding  space  is  represented  by  a  complete  set 
of  orthogonal  functions  and  is  obtained  from  a  numerical  analysis  of  the  data. 
The  number  of  directions  necessary  for  the  complete  reproduction  of  the  non¬ 
linear  dynamic  of  the  system  should  be  large  enough;  otherwise  the  dimension 
of  the  subspace  to  which  all  the  trajectories  asymptotically  approach  could  be 
underestimated.  The  obtained  results  were  subjected  to  statistical  tests  for  de¬ 
terminism  and  the  results  were  significantly  different  than  those  obtained  from 
the  original  data.  Thus  we  can  expect  that  the  inner  heliosphere  is  a  nonlinear 
possibly  chaotic  system,  at  least  in  a  submanifold  of  the  phase  space. 
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EXACT  SCALING  LAWS  FOR  TURBULENT  MHD  FLOWS 
H.  Politano  and  A  Pouquet 

UMR  CNRS  6529,  BP  4229,  06304  Nice  Cedex  4,  France. 

Turbulent  flows  produce  strong,  sparse,  localized  structures  which  may  give 
rise  to  anomalous  exponents  for  the  self-similar  scaling  of  two-point  structure 
functions  of  the  physical  fields.  Such  intermittency  is  constrained  by  exact 
laws  stemming  from  the  conservation  properties  of  the  dynamical  equations, 
afid  is  documented  for  the  Solar  Wind  by  several  observations.  In  the  case  of 
laboratory  experiments  on  neutral  fluids,  a  better  fit  to  the  data  obtains  when, 
using  Extended  Self-Similarity  (or  ESS),  one  takes  as  the  dependent  variable 
(as  contrasted  with  direct  scaling  with  the  distance  r  between  the  two  points) 
the  third-order  correlators  that  are  proportional  to  r.  Such  correlators  can  be 
viewed  as  “dynamical  length  scales”  fjvs  that  directly  arise  from  the  Navier- 
Stokes  equations  in  the  wake  of  the  analyses  of  von  Karman  and  Howarth,  of 
Kolmogorov  as  well  as  that  of  Yaglom. 

The  equivalent  laws  have  been  obtained  in  MHD  for  any  amount  of  velocity- 
magnetic  field  correlation  and  for  an  homogeneous,  isotropic  and  incompressible 
fluid.  They  lead  to  new  dynamical  lengths  Imhd ,  and  will  be  derived  here 
explicitly  in  a  simplified  case.  We  thus  suggest  an  ESS  hypothesis  for  MHD 
that  makes  use  of  two  sets  of  third-order  cross-correlators  written  in  terms 
of  correlation  or  structure  functions  and  involving  both  the  velocity  and  the 
magnetic  field.  These  new  dynamical  lengths  are  more  appropriate  candidates 
than  fjys  in  the  reduction  of  Solar  Wind  data,  since  they  appear  as  fundamental 
correlators  stemming  from  the  non-linear  dynamics  of  conducting  flows. 


A  NUMERICAL  STUDY  OF  THE  CORRELATION  BETWEEN 
DENSITY  AND  TEMPERATURE  FLUCTUATIONS  OBSERVED 
IN  SOLAR  WIND 

L.  Primavera,  F.  Malara  and  P.  Yeltri 

Dipartimento  di  Fisica,  Universita  della  Calabria,  87030  Roges  di  Rende  (CS), 
Italy. 

lprimCplashp3.fis.unical.it/Fax:  [4*39]  984  493187 

We  compare  the  results  of  our  numerical  simulations  with  the  analysis  of  the 
correlations  between  density  and  temperature  fluctuations  obtained  from  Helios 
2  and  Isee  data.  In  our  model,  a  spectrum  of  Alfven  waves  propagates  across  a 
spatially  inhomogeneous  magnetic  field  embedded  in  a  plasma  with  a  non  uni¬ 
form  entropy  distribution,  that  should  modelize  a  magnetic  sector  boundary  in 
the  Solar  Wind.  We  found  that  the  interaction  between  the  non  compressive 
(Alfven)  waves  and  the  inhomogeneous  structure  produces  compressive  waves 
of  two  types:  fast  and  slow  magnetosonic  waves,  with  a  positive  correlation 
between  density  and  temperature,  and  static  entropy  waves.  We  found  that,  by 
going  toward  the  smaller  scales,  the  density-temperature  correlation  becomes 
more  positive  in  the  zone  where  the  magnetic  field  is  homogeneous,  while  it  is 
negative  in  the  inhomogeneous  zone.  That  seems  to  be  an  indication  of  the  fact 
that  the  static  entropy  waves  are  concentrated  only  in  proximity  of  the  inho- 
mogeneitv.  where  they  are  produced,  whilst  the  magnetosonic  waves  propagate 
away,  by  filling  the  homogeneous  zone  as  well.  Analogous  trend  is  got  from  the 
analysis  of  the  data. 


TERMINATION  SHOCK  EXCURSIONS:  POSSIBILITIES  FOR 
VOYAGER  ENCOUNTER 

R.  Ratkiewicz  (1),  A.  Barnes  (2)  and  J.R.  Spreiter  and  S.S.  Stahara  (3) 

(1)  Space  Research  Center,  Bartycka  18A,  00-716  Warsaw,  Poland,  (2)  NASA- 
Ames  Research  Center,  Mail  Code  245-3,  Moffett  Field,  CA  94035-1000.  USA, 
(3)  RMA  Aerospace,  Inc.,  Mountain  View,  CA  94043,  USA. 
romaCcbk.waw.pl/Fax:  [48]  22-40-31-31 

Fluctuations  in  the  solar  wind  upstream  of  the  termination  shock  as  well  as 
in  the  LIC  plasma  will  cause  inward  and  outward  motions  of  the  shock.  In 
the  paper  we  discuss  various  scenarios  for  the  interaction  between  solar  wind 
and  interstellar  matter  including  an  influence  of  the  local  interstellar  magnetic  » 
field  on  the  heliospheric  boundary  configuration  and  a  presence  of  interstellar 
neutral  hydrogen. 


ENTROPY  OF  THE  SOLAR  WIND  FLOW  IN  THE  INNER 
HELIOSPHERE 

Stefano  Redaelli  and  Wieslaw  M.  Macek 

Space  Research  Centre,  Polish  Academy  of  Sciences,  Bartycka  18  A,  PL-00716 
Warsaw,  Poland. 

We  analyse  a  time  series  of  velocity  fluctuations  of  the  low-speed  stream  of 
the  solar  wind  measured  by  the  Helios  spacecraft  in  the  inner  heliosphere.  We 
estimate  the  Kolmogorov  entropy  directly  from  the  signal  and  show  that  the 
entropy  is  finite  and  positive,  which  is  an  indication  for  a  chaotic  behaviour 
of  this  complex  system.  These  results  supported  our  previous  suggestion  that 
trajectories  describing  the  system  in  the  inertial  manifold  of  phase  space  can 
asymptotically  approach  the  attractor  of  a  low-dimension.  Furthermore,  the 
obtained  characteristics  of  the  attractor  are  significantly  different  from  that 
of  the  surrogate  data.  Thus  the  results  of  these  tests  suggest  that  the  inner 
heliosphere  is  nonlinear  deterministic  and  possibly  chaotic  system,  at  least  in 
the  inertial  manifold  of  the  phase  space. 


SMALL  ELECTROSTATIC  POTENTIAL  DROPS  IN  THE  SOLAR 
WIND 

C.  Salem  (1),  A.  Mangeney  (1),  C.  Lacombe  (1)  and  P.J.  Kellogg  (2) 

(1)  DESPA,  Observatoire  de  Paris,  92195  Meudon,  France,  (2)  School  of  Physics 
and  Astronomy,  University  of  Minnesota,  Minneapolis,  USA. 

The  TDS  experiment  on  Wind  detects  electrostatic  waveforms  in  the  solar 
wind  with  a  high  temporal  resolution.  Weak  double  layers,  lasting  about  1 
millisecond,  are  observed  in  the  solar  wind,  except  in  the  overdense  heliospheric 
plasma  sheet.  In  these  weak  double  layers,  the  electrostatic  potential  generally 
drops  antisunward:  it  varies  in  the  same  sense  as  the  interplanetary  potential 
which  accelerates  the  solar  wind  protons.  We  discuss  the  occurrence  and  the 
amplitude  of  these  small  (3  to  20  mV)  potential  drops  in  relation  with  the 
direction  of  the  magnetic  field,  the  gradient  of  the  electron  thermal  energy  and 
the  variations  of  the  electron  heat  flux. 


ION  INJECTION,  ACCELERATION,  AND  WAVE  GENERATION 
AT  THE  QUASI-PARALLEL  BOW  SHOCK 

M.  Scholer  (1),  H.  Kucharek  (1)  and  K.  J.  Trattner  (2) 

(1)  Max-Planck-Institut  f.  extraterr.  Physik,  85740  Garching.  Germany, 

(2)  Lockheed  Martin  Missiles  k  Space,  Palo  Alto,  CA  39304,  USA. 
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The  processes  of  particle  injection  and  acceleration  and  of  upstream  wave  gener¬ 
ation  at  quasi-parallel  collisionless  shocks  are  intimately  connected  and  highly 
fion-linear  processes.  The  upstream  waves  are  convected  downstream  by  the 
plasma  flow  and  are  ultimately  responsible  for  the  shock  dissipation.  We  have 
investigated  the  coupled  process  of  particle  injection/acceleration,  wave  gener¬ 
ation,  and  downstream  dissipation  at  quasi-parallel  shocks  by  hybrid  simula¬ 
tions,  which  treat  the  ions  as  macroparticles  and  the  electrons  as  a  massless 
fluid.  Solar  wind  alpha  particles  are  included  self-consistently  in  order  to  make 
predictions  as  to  the  dependence  of  the  injection  rate  on  species  and  differences 
in  upstream  diffuse  alpha  particle  spectra  versus  proton  spectra.  We  will  show 
that  a  large  fraction  of  both  protons  and  alpha  particles  are  already  acceler¬ 
ated  at  the  shock  before  they  leave  the  shock  for  the  first  time  in  the  upstream 
direction.  These  ions  are  trapped  near  the  shock  ramp  and  are  accelerated 
by  the  upstream  wave  electric  field.  We  compare  the  simulations  with  a  recent 
simplified  model  by  Maikov  (1997)  for  the  ion  injection  at  quasi-parallel  shocks. 
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PROBABILITY  DISTRIBUTION  FUNCTIONS  OF  TURBULENT 

FLUCTUATIONS 

IN  THE  SOLAR  WIND 

L.  Sorriso-Valvo  (1),  R.  Bruno  (2)  and  V.  Carbone  and  P.  Veltri  (3) 
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(C'S).  Italy,  (2)  Istituto  di  Fisica  dello  Spazio  Interplanetario/CNR,  c.p.  27. 
00044  Frascati.  Italy.  (3)  Dipartimento  di  Fisica.  Universita  della  Calabria. 
87030  Roges  di  Rende  (CS),  Italy. 
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The  probability  distribution  functions  (PDF)  of  the  velocity  and  magnetic  field 
Gradients  in  the  solar  wind  have  been  analyzed  using  the  Helios  II  spacecraft 
data  collected  in  the  inner  heliosphere.  We  consider  two  different  data  sets, 
one  including  the  slow-wind  periods  and  the  other  one  including  the  fast-wind 
periods.  The  PDFs  have  been  fitted  with  a  theoretical  function  representing 
a  convolution  between  gaussian  PDFs  with  variance  distributed  according  to 
a  log-normai  function.  The  resulting  PDF  depends  on  a  single  parameter  A. 
which  characterizes  the  intermittencv  of  the  signal,  and  we  studied  the  scaling 
behavior  of  A  vs.  the  time-scale  r.  We  found  that  A  -  r"J.  but  two  distinct  val¬ 
ues  for  J  are  present,  at  least  in  the  slow-wind.  No  differences  appear  between 
velocity  and  magnetic  field  fluctuations. 


ON  THE  NATURE  OF  INTERMITTENCY  IN  THE  SOLAR 

WIND  MHD  TURBULENCE 

P.  Veltri  (1).  P.  Veltri  (1)  and  A.  Mangeney  (2) 

{1)  Dipartimento  di  FUica,  Universita  della  Calabria.  Arcavacata  di  Rende. 

8703<)  -  Roges  di  Rende  (CS).  Italy.  (2)  Department  Spatiale,  Observatoire  de 
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Thirteen  months  of  velocity  and  magnetic  field  data  from  ISEE  space  experi¬ 
ment  have  been  used  to  calculate  spectra  and  structure  functions  using  Haar 
wavelets  thecnique. 

Conditioned  structure  function  definition  allows 

1.  for  the  elimination  of  intermittencv  effects  in  spectra  and  thus  for  a  clear  identification  of  which 
kind  of  phenomenology  of  nonlinear  cascade  between  Kolmogorov  and  Kraichnan  is  taking  place  in 
Solar  Wind  turbulence: 

2.  for  the  identification  of  the  most  intermittent  structures,  which  turn  out  to  be  either  shock  waves 
or  one  dimensional  current  sheets. in  contrast  with  ordinary  fluid  intermittencv.  where  the  most 
intermittent  structures  are  two  dimensional  vortices. 


ST7  Nonlinear  processes  in  the  ionosphere  and 
magnetosphere  (co-sponsored  by  NP) 

Convener:  Rycroft,  M.J. 

Co-Convener:  Fontaine,  D. 


SELF-SIMILARITY  CONCEPTS  FOR  GEOMAGNETIC  PULSA¬ 
TIONS 

Z.  Voros  (1),  P.  Koyacs  (2),  A.  Kormendi  (3),  A.W.  Green  (4),  T.A.  Plyasova 
Bakounina  (4)  and  A.  Juhasz  (5)  .  . 
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Geophysical  Institute,  Box  35,  1440  Budapest,  Hungary,  (3)  Geophysical  ob¬ 
servatory,  Kossuth  L., 91-93,  8237  Tihany,  Hungary,  (4)  U.S.  Geological  Survey. 
MS  968,  Box25046,  CO  80225-0046,  Denver,  USA,  (5)  Eotvos  Lorand  l Diver¬ 
sity.  Geophys.  Dept.,  Ludovika  ter  2,  1083  Budapest,  Hungary. 

Fax:  [421)8182494 

Recent  analvsis  has  shown  that  low  frequency  geomagnetic  fluctuations  exhibit 
the  same  kind  of  scaling  symmetry  as  MHD  turbulent  flows  in  the  solar  wind. 
In  this  paper  we  analyse  geomagnetic  fluctuations  on  the  time  scale  of  geo¬ 
magnetic  pulsations.  We  use  the  data  from  two  station  pairs  in  Central  Europe 
and  in  Colorado,  USA.  First,  we  identify  pulsations  which  characteristics  are 
controlled  by  the  solar  wind  and  separate  the  frequences  of  others  which  are 
controlled  by  resonances  (eigenmodes)  of  individual  field  lines.  To  this  end  we 
use  gradient  methods  and  continuously  compute  cross  power  spectral  density 
and  cross  phase  dynamic  spectra.  After  the  separation  of  quasi-periodic  (field 
line  resonance)  and  broad-band  components  we  apply  the  methodology  of  ex¬ 
tended  self-similarity  to  study  scalings.  The  aim  of  this  study  is  to  understand 
better  the  position  of  the  geomagnetic  pulsations  in  a  complex  energy  cascade 
with  the  driving  energy  source  arising  from  the  non-local  interaction  between 
the  solar  wind  and  the  magnetosphere. 


PROPERTIES  OF  THE  SOLAR  WIND  TURBULENCE  AS 
REVEALED  BY  THE  WAVELET  TRANSFORM 
A.W.  Wernik  (Space  Research  Centre,  Polish  Academy  of  Sciences,  Bartycka 
18  A,  PL-00716  Warsaw,  Poland) 

Solar  wind  turbulence  is  highly  nonhomogenous,  exhibiting  well  localized 
jumps,  spikes  and  discontinuities.  These  coherent  structures  are  apparently 
caused  by  nonlinear  processes  and  play  an  important  role  in  the  dynamics  of 
turbulent  plasma.  The  usefulness  of  the  wavelet  transform  in  studying  tur¬ 
bulence  stems  from  the  fact  that  it  can  be  performed  locally,  preserving  the 
information  about  local  features  of  the  turbulence.  We  show  that  the  high- 
frequency  (>0.01  mHz)  local  wavelet  spectra  of  the  Elsasser  variables  of  the 
low-speed  solar  wind  at  0.3  AU  are  highly  variable  along  the  Helios  1  orbit. 
Application  of  the  wavelet-based  nonlinear  filtering  allowed  us  to  separate  co¬ 
herent  structures  from  the  noise-like,  Gaussian  background.  Spectral  indices 
of  the  Elsasser  variable  Z+  are  approximately  -2  and  -1  for  the  coherent  and 
noise-like  components,  respectively.  Flatness  of  the  wavelet  coefficients  show 
that  the  outward  propagating  perturbations  are  non-Gaussian  at  scales  less 
than  30  minutes,  while  the  inward  perturbations  become  non-Gaussian  at  time 
scales  less  than  1  hour,  confirming  the  earlier  results. 


FINITE  ELECTRON  MASS  IN  MAGNITOHYDRODYNAMIC 
THEORY.  STRONGLY  NONLINEAR  PERIODIC  WAVES  AND 
SOLITON. 

I. M.  Aleshin1,  G.X.  Aleshin  a"2.  V.I.Trukhin1 
1  Moscow  State  University 
2l'nited  Institute  of  the  Physics  of  the  Earth 
e-mail:  imaadelta.phys.msu.su 

Starting  from  the  multi  fluid  hydrodynamic  approximation  we  have  got 
the  generalazation  of  Ohm's  Law  in  usual  magnitohydrodynaniic  (MGD) 
theory.  MGD  approximationlt  is  well  known  to  be  valid  only  for  low  fre¬ 
quency  perturbation,  i.e.  that  frequency  should  be  much  less  ion  hyrofre- 
quency  Our  equations  take  into  account  both  Holl  effect  and  the  finite 
value  of  electron  mass.  It  is  allow  us  to  describe  all  low  frequency  spec- 
ua  (w  <  ~'b«)  in  2-component  low  density  (w\g,  <  «>,)  plasma.  We  have 
got  also  an  exact  solution  of  generalized  MGD  equations.  There  are  the 
waves  (periodic  and  soliton-like)  traveling  perpendicular  to  external  mag¬ 
netic  field.  We  have  calculated  maximum  amplitude  of  magnetic  field  for 
that  wave.  The  nature  of  the  wave  dispersion  is  essential  electro- magnetic, 
because  plasma  is  localy  quazineutral  for  any  wave  amplitude. 
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FIRST  EVIDENCE  OF  SPECTRAL  RESONANCE  STRUCTURE 
(SRS)  OF  ULF  BACKGROUND  ELECTROMAGNETIC  NOISES 
AT  THE  POLAR  REGION. 

P.P.Belyaev  (1).  V.Yu.Trakhtengerts  (2).  S.V.lsaev  (1),  J.Kangas  (3)  and 
T.Bosinger  (3) 
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A  high-sensitive,  two  component  induction  magnetometer  has  been  used  for 
measurements  of  natural  electromagnetic  noise  in  the  frequency  range  0.1  -  10 
Hz.  Observations  were  carried  out  at  the  receiving  site  Kilpisjarvi  (L  =  6)  dur¬ 
ing  the  I-st  Finnish  EISCAT-Heating  Campaign  in  November,  1993.  We  have 
examined  the  average  magnetic  spectra  for  four  magnetic  polarizations  (linear. 
N-S  and  E-W.  and  circular.  R  and  L)  with  spectral  resolution  of  0.1  Hz  and 
time  resolution  of  15  min.  During  at  least  four  out  of  twelve  nights  covered 
by  measurements,  clear  evidence  of  Spectral  Resonance  Structure  (SRS)  was 
obtained  in  the  magnetic  spectra.  The  SRS  is  appeared  In  a  deep  sinuousform 
modulation  of  noise  spectral  amplitude  along  the  frequency  axis  with  3-4  spec¬ 
tral  maxima  and  distance  between  ones,  varied  over  period  of  measurements 
from  0.5  to  1.5  Hz.  The  temporal  variations  of  SRS  pattern  differed  from  those 
of  midlatitude  ones,  as  observed  near  N. Novgorod.  Russia  but  were  in  a  good 
accordance  with  EISCAT  measurements  of  electron  density  in  the  F- layer  of 
ionosphere. 


FIRST  TEST  MEASUREMENTS  OF  ARTIFICIAL  ULF  SIGNALS 
AT  THE  LONG  DISTANCE  1500  KM 

P.P.Belyaev  (1).  L.A.Sobchakov  (2),  A. V. Vasilyev  (2).  NX. Astakhova  (2). 
S.V. Polyakov  (1)  and  S.V.lsaev  (I) 
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68.  11-Line  st.,  199161  St. -Petersburg.  Russia  . 
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During  September  18-19,  1993:  RIPR.  St  .-Petersburg  and  NIRFI,  N.Novgorod. 
Russia  performed  the  first  measurements  of  artificial  ULF  signals  in  the  fre¬ 
quency  range  1-5  Hz  at  the  distance  of  1500  km  between  transmitter  and  re¬ 
ceiver.  The  I  LF  Facility,  located  at  the  Kola  peninsula,  near  Murmansk.  Rus¬ 
sia  was  consisted  of  55-km  powerline  with  radiation  current  of  150  A  and  was 
grounded  at  both  ends.  The  operating  frequencies  were  1.3.  2.6  and  5.2  Hz  (20 
min  *'on”.10  min  "off)  during  each  of  three  2-hour  cycles  a  day.  evening  and 
early  morning  conditions.  The  receiving  site  was  located  near  N.Novgorod  and 
provided  the  measurements  of  two  //.v-s  (H)  and  He_i r  ( D)  magnetic  compo¬ 
nents.  The  observed  magnetic  field  strengths  and  magnetic  vector  polarizations 
were  found  to  be  in  line  with  the  simple  waveguide-cavity  theory  predictions 
for  daytime  conditions  and  to  be  in  a  dramatic  discrepancy  for  nighttime  ones. 
The  measured  distinctions  can  be  explained  by  a  significant  influence  of  an 
additional  portion  of  the  magnetic  signal  ducted  into  MHD-ionospheric  waveg¬ 
uide  and  by  ionospheric  resonance  properties  (Ionospheric  Alfven  Resonator) 
above  transmitter  and  receiver. 


EXPERIMENTAL  INVESTIGATIONS  OF  THE  IONOSPHERIC 
ALFVEN  RESONATOR  FROM  ELECTROMAGNETIC  NOIS 
BACKGROUND  OVER  THE  SOLAR  CYCLE  OF  1985-1995 
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Based  on  long-term  observation  of  the  resonance  structure  in  the  magnetic  field 
spectrum  (RSS).  recorded  in  the  frequency  range  of  0.1-10  Hz  over  one  complete 
solar  cycle  (11  years),  it  was  found,  that  the  resonance  conditions  for  the  Alfven 
waves  in  the  ionosphere  (ionospheric  Alfven  resonator)  are  determined  by  the 
level  of  the  solar  activity.  RSS  are  regulary  observed  in  years  of  minimum 
solar  activity,  and  are  practically  absent  in  years  of  maximum  solar  activity. 
These  experiments  were  performed  during  1985-1995.  It  was  shown  thereby, 
that  the  consideration  of  the  ionospheric  Alfven  resonator  will  allow  to  explain 
the  dependence  of  the  RSS  on  the  solar  activity. 


ELECTROMAGNETIC  REMOTE  SOUNDING  OF  RESONANCE 
PROPERTIES  OF  POLAR  IONOSPHERE  IN  THE  ULF  FRE¬ 
QUENCY  RANGE  0.1  -  5  HZ  WITH  USING  OF  HF  POWERFULL 
HEATING  FACILITY. 
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(4,i  EISCAT  Scientific  Association.  N-9027  Ramfjordbotn.  Norwav. 
belyaevfinlrfi.sci-nnov.ru/Fax:  [+007]  8312  369  902 

Measurements  of  ULF  (0.1-5  Hz)  artificial  signals  excited  in  lower  ionosphere 
by  amplitude  modulated  HF  (4-6  MHz)  radiation  from  "Tromse'*  heating  Fa¬ 
cility  were  performed  by  joint  Russian-Finland  scientific  team  during  the  1-st 
Finnish  EISCAT-Heating  Campaign  in  November.  15-19.  1993.  At  the  receiv¬ 
ing  site  Kilpisjarvi ’( 100  km  from  Facility),  four  magnetic  field  polarizations 
were  available  in  measurements  -  two  linear  and  two  circular  ones.  Clear  sin¬ 
uousform  amplitude-frequency  responce  of  signals  was  detected.  The  distance 
between  two  rieiboring  amplitude  maxima  or  minima  along  frequency  axis  var¬ 
ied  from  0.5  to  1.5  Hz  with  dependence  on  daytime  conditions  of  experimental 
cycles.  This  resonance  frequency  pattern  was  more  visible  for  artificial  signals 
(derived  by  coherent  integration)  then  the  exhibition  of  Spectral  Resonance 
Structure  of  background  magnetic  noises,  derived  from  averaged  noise  spectra 
in  th*»  suin'*  time  and  which  is  discussed  in  accompanied  communication. 


PARAMETRIC  DECAY  OF  ELECTROMAGNETIC  PUMP  WAVE 
IN  TWO-DIMENSIONAL  INHOMOGENEOUS  PLASMA 
N.  Borisov  (l )..  P.  Slnbbe  (1)  ami  L.  < imbrmov  (2) 

(1)  Max- Planck  Instil  ut  fiir  Aeroimini-.  KnMfmbuni-Lindau,  Germany. 

(2)  PN. Lebedev  Physirn!  Institute.  Moscow.  Russia, 
borisovfilinaxl  .mpas. gwdg.de/Fax:  [  1*»]-r>r,r,fUIj7«>.  |  ] ^ 

Due  to  the  action  of  strong  IIP  elect mmnmielir  waves  arlilirial  plasma  irr^g- 
ularities  appear  in  the  ionosphere  which  have  an  inf|ii«ii.-r<  on  various  nonlin¬ 
ear  efre  ts.  e.g.  stimulated  electromagnetic  emission  (SKIT  Different  processes 
including  decay  insf abilities  are  responsible  for  the  peculiarities  of  the  broad¬ 
band  spectrum  of  I  lie  SEE.  Up  to  now  decay  instabilities  jn  relation  with  SEE 
were  discussed  neglecting  longitudinal  inlmiimgern'iiy  ( |„,  m(V|jmn  muf  wave 
propagation  along  the  magnetic  field  line.  These  two  f:i.-t..rs  lnnv  reduce  con¬ 
siderably  the  wave  interaction.  We  eousi.l.  r  the  d.  cay  instability  of  the  EM 
pump  wave  into  upper  hybrid  (I'll)  and  I».w»t  hybrid  (LID  waves  as  a  first  step 
in  t lie  creation  of  the  downshifted  maximum  (DM)  in  th-  SEE.  In  distinction 
from  previous  papers  the  case  when  I'll  waves  are  tripped  in  weak  plasma 
enchancements  along  the  magnetic  field  lm>-  is  invest i!*ai..|.  ft  is  shown  that 
transversal  iiiliomugeneity  of  th**  medium  is  also  very  important  and  should 
be  taken  into  account.  The  linear  stage  of  instability  is  analysed  ami  tlm  fre¬ 
quency  range  of  the  excited  HI  waves  is  fmmd  ll  is  shmvn  that  such  spectrum 
is  simiiiar  to  the  spectrum  of  |).M  in  SIT- 


ON  THE  PEDERSEN  CURRENT  CARRIED  BY  ELECTRONS 
S.  C.  Buchert  and  S.  Saito 

Solar-Terrestrial  Environment  Laboratory.  Nagoya  University.  Chikusa-ku. 
Nagoya  464-0814,  JAPAN. 

sebfis telab . nagoya-u . ac .  jp/Fax:  [81]  52  789  4311 

According  to  text  books  the  Pedersen  current  is  carried  by  ions  and  has  a  max¬ 
imum  flow  around  an  altitude  of  125  km.  When  the  perpendicular  electric  field 
in  the  ionosphere  gets  sufficiently  large,  then  the  Hall  current  at  heights  around 
108  km  becomes  unstable.  The  excited  plasma  waves  reflect  VHF  radio  waves 
leading  to  the  so-called  radio  aurora.  Farley  (1963)  and  Buneman  (1963)  first 
treated  the  linear  theory  of  this  current  instability.  From  observations  using 
incoherent  scatter  radars  it  is  also  known  that  during  such  strong  electric  field 
events  the  electrons  in  the  E  region  get  heated  and  a  substantially  enhanced 
temperature  is  maintained  against  the  relatively  intense  cooling  processes  in 
the  atmosphere.  In  this  talk  we  show,  that  then,  as  the  conservation  of  en¬ 
ergy  implies,  the  wave-electron  interaction  in  the  quasi-Iinear  stage  must  lead 
to  a  Pedersen  current  carried  by  electrons  Both,  the  heating  and  deflection 
of  the  electron  drift  vector  from  the  ExB  direction  limit  a  further  growth  of 
the  waves.  Using  EISC’AT  observations  and  models  for  the  cooling  processes, 
we  estimate  the  electron  Pedersen  current  to  amount  to  about  20  percent  of 
the  ion  Pedersen  current  once  the  instability  threshold  is  exceeded.  The  iono¬ 
spheric  instability  mechanism  considered  by  us  might  play  a  triggering  role 
for  the  excitation  of  other  instabilities  and  reconfiguration  in  the  ionosphere- 
magnetosphere  coupling. 
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DYNAMICAL  RAY  FOCUSING  IN  INHOMOGENEOUS 
PLASMA 

V.A.  Buts,  V.A.  Chatskaya.  O.F.  Tymoy 
Kharkiv  State  University.  Kharkiv.  Ukraine 
E-mail:  abuts Qb igfoot.com 

Ray  dynamics  is  investigated  by  Hamiltonian  mechanics  method. 
For  certain  values  ot  the  parameters  ot  smooth  and  periodic 
inhomogeneities,  it  is  possible  a  dynamical  ray  focusing. 

It  has  been  determined  the  conditions  on  which  rays  oscillate 
around  the  position  of  the  synchronous  ray.  and  there  takes  ptace  a 
dynamical  ray  focusing. 

The  focusing  caused  by  a  periodic  inhomogeneity  is  similar  to  the 
secondary  resonance  in  the  resonance  theory  of  perturbation  in 
Hamiltonian  systems.  On  certain  conditions,  there  may  take  place  an 
overlap  of  the  regions  corresponding  to  nonlinear  resonances  in  the 
phase  space,  and  this  results  in  spatial  fluctuations  of  rays  becoming 
chaotic. 


INFLUENCE  OF  PLASMA  DENSITY  FLUCTUATIONS  ON 
PLASMA-BEAM  INTERACTION 

Buts  A.  V..  V.  A.  Chatskaya.  O.  F.  Tvrnov 
Kharkiv  University.  Kharkiv.  Ukraine 
E-mail :  abuts  a  bigfoot.com 

It  is  investigated  the  instability  of  the  beam  that  moves  in  plasma 
with  the  density  which  stochastically  varies  in  space  or  time. 

The  dynamics  of  any  order  of  moments  is  studied  when  the  plasma 
density  changes  in  space  or  time.  It  is  shown  that  every  sequential 
moment  grows  faster  than  the  previous  one.  The  increment  of  the 
second  moment  exceeds  the  increment  of  the  regular  part  of  the  signal 
more  than  two  times.  The  result  of  this  dependence  of  increment  is 
punctuate  character  of  instability  growth  and  the  appearance  of  some 
critical  length  of  interaction  area  where  the  amplification  of  the  regular 
signal  is  possible  yet.  The  maximum  time  what  need  for  signal 
destroying  by  fluctuations  is  calculated. 


CHORUS  EMISSIONS  PRODUCED  BY  A  BACKWARD  .WAVE 
OSCILLATOR  IN  THE  MAGNETOSPHERIC  CYCLOTRON 
MASER 

A.  G.  Demekhov  (1),  V.  Y.  Trakhtengerts  (1)  and  D.  Nunn  (2) 

(1)  Institute  of  Applied  Physics,  46  Ulyanov  st.,  603600  Nizhny  Novgorod,  Rus¬ 
sia,  (2)  Dept,  of  Electronics  and  Computer  Science,  University  of  Southampton, 
Southampton  S09  5NH  England. 
andreiCappl .  sci-nnov . ru/Fax:  +7  8312  36  2061 

The  influence  of  the  inhomogeneous  geomagnetic  field  on  the  backward  wave  os¬ 
cillator  generation  regime  in  the  magnetospheric  cyclotron  maser  is  considered. 
This  regime  is  due  to  the  absolute  instability  of  a  quasimonochromatic  whistler 
wave  in  the  near-equatorial  region  of  the  Earth  s  magnetosphere  caused  by  en¬ 
ergetic  electrons  with  a  step-like  deformation  of  the  distribution  function  in 
parallel  velocity.  Such  a  deformation  is  formed  due  to  the  qiiasi-linear  interac¬ 
tions  of  energetic  electrons  with  noise-like  emissions  having  an  upper  frequency 
cutoff.  In  this  paper,  it  is  proven  that  the  absolute  instability  leading  to  the 
backward  wave  oscillator  generation  regime  can  be  achieved  for  magnetospheric 
conditions.  For  this,  the  linearized  self-consistent  equations  for  the  wave  ampli¬ 
tude  and  energetic  electron  resonant  current  in  a  parabolic  external  magnetic 
field  are  solved.  The  spatial  profile  of  a  whistler  mode  wave  formed  due  to 
cyclotron  resonant  interactions  is  determined;  threshold  parameters  for  the  ab¬ 
solute  instability  arc  obtained-  The  implications  for  chorus  generation  in  the 
magnetosphere  are  discussed. 


RECENT  DEVELOPMENTS  IN  THE  CHARACTERIZATION  OF 
NONLINEAR  WAVE  PHENOMENA  IN  SPACE  PLASMAS 

T.  Dudok  de  Wit 

Centre  de  Physique  Theorique,  CNRS  and  University  de  Provence,  Luminv  case 
907,  F- 13233  Marseille  cedex  9,  France, 
ddvitflept . univ-mrs . f r 

Progress  in  understanding  nonlinear  phenomena  in  space  plasmas  is  intimately 
related  to  our  capacity  of  characterizing  such  phenomena  by  means  of  physically 
relevant  concepts.  During  the  last  decade,  many  developments  in  chat  field  have 
shown  that  it  is  still  open  to  considerable  progress.  Some  cf  these  novel  concepts 
are  reviewed  here. 

The  emphasis  is  put  on  a  series  of  concepts  that  are  intimately  related  :  topo¬ 
logical  properties  (scaling  laws,  self-similarity),  complexity  (hierarchical  struc¬ 
tures)  and  self-organisation  (coherent  structures;.  Through  a  review  of  recent 
results  obtained  in  space  plasmas,  the  inference  of  these  properties  from  exper¬ 
imental  data  and  their  relevance  (or  irrelevance)  for  the  study  wave  phenomena 
will  be  discussed. 


A  DYNAMICAL  STUDY  OF  INDUCED  SCATTERING 

B.  Lefebvre  and  V.  Krasnosel’skikh 

Laboratoire  de  Physique  et  Chimiede  I’Environnement.  45071  Orleans.  France, 
lef  ebvr^-Ocnrs-orleans  .  fr/Fax:  [33]  233  631  234 

We  investigate  dynamical  properties  of  a  simple  model  of  electrostatic  wave- 
wave  interaction  in  the  induced  scattering  limit  (case  of  an  isothermal  plasma), 
without  making  use  of  the  random  phase  approximation  (Zakharov.  \  .E.. 
Musher.  S.L.  and  Rubenchik.  A.M..  Sov.  Phvs.  JETP  42(1),  80-86  (19t5)). 


PULSATING  AURORAS  AND  THEIR  CONNECTION  WITH  VLF 
EMISSIONS  OBSERVED  IN  NORTHERN  FINLAND 

R.  Manninen  (I).  K.  Kaila(l).  A.  Oikarinen  ( l )  and  J.  Manninen  (2) 

(l)  University  of  Oulu,  Dept,  of  Physical  Sciences.  Finland,  (2)  Sodankvla 
Geophysical  Observatory.  Finland 
Reijo.Manninen@oulu.fi  /  Fax  +358-S-5531287 

Pulsating  aurora  is  a  substorrn  recovery  phase  phenomenon  and  is  mainly  seen  on 
the  morning  side  of  the  auroral  oval.  The  pulsating  precipitation  of  the  auroral 
electrons  is  a  consequence  of  wave-particle  interactions  in  the  magnetosphere  close 
to  the  equatorial  plane.  These  wave-particle  interactions  between  whistler-mode  VLF 
waves  and  magnetospheric  electrons  lead  to  a  pitch  angle  diffusion  of  the  electrons 
and  this  can  lead  to  precipitation  of  the  electrons  into  the  ionosphere.  This  pulsating 
precipitation  is  then  seen  xs  auroral  intensity  pulsations.  Models  of  pulsating  aurora 
are  based  on  the  cyclotron  instability  of  trapped  panicles. 

Simultaneous  auroral  and  VLF  measurements  have  been  made  during  EJSCAT  and 
VLF  campaings  in  Northern  Finland  every  winter  since  1990.  Auroral  recordings  are 
made  using  a  low-light-level  TV  camera.  VLF  signals  (200  Hz  -  9.2  kHzj  detected 
by  two  loop  antennas  are  recorded  on  audio  tracks  of  the  same  video  tape  as  auroral 
measurements.  TV  recordings  are  analyzed  by  digitizing  them  and  VLF  recordings 
are  analyzed  by  an  analysis  package  developed  at  the  Sodankylii  Geophy  sical  Obser¬ 
vatory.  The  measurements  presented  here  were  made  at  Porojarvi  (69.175N.21A7,E) 
in  1993.  1997  andat  Kalkkoani(6S73':N.  22.lU£un  1994  Here  we  present  some 
results  of  the  connection  between  pulsating  auroral  patches  and  VLF  emissions. 
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ON  PARTICLE  ACCELERATION  BY  LOWER  HYBRID 
TURBULENCE 

DURING  IONOSPHERIC  MODIFICATION  EXPER¬ 
IMENTS 

E.  Mishin  and  T.  Hagfors 

Max-Planck-Institut  far  Aeronomie,  Ivatlenburg-Lindau.  Germany 
mishinSiinaxl.mpae.gwdg.de/Fax:  +49-5556-979240 

The  acceleration  of  ions  and  electrons  by  lower  hybrid  turbulence 
is  widely  used  for  the  interpretation  of  particle  spectra  in  space 
and  laboratory  plasmas.  On  the  other  hand,  excitation  of  the  lower 
hybrid  turbulence  appears  to  be  a  necessary  element  of  the  gen¬ 
eration  mechanism  of  the  outshifted  plasma  lines  and  stimulated 
electromagnetic  emission,  observed  during  the  injection  of  intense 
HF  radiowaves  into  the  ionosphere.  It  is  the  aim  of  our  paper  to 
define  the  parameters  of  the  accelerated  electron  and  ion  spectra 
characteristic  of  the  ionospheric  modification  experiments  in  the 
polar  ionosphere. 


ON  THE  NONLINEAR  TRIGGERING  OF  VLF  EMISSIONS  BY 
POWER  LINE  HARMONIC  RADIATION 

D.Nuno  (I)f  IMannirten  (2),  T.Turunen  (2).  V.Trakhtengerts  (3)  and  N.Erokhin  (4) 
(1)  Southampton  University.  UK.  (2)  Sodankyla  Geophysical  Observatory.  Finland. 
(3)  IAP.  Nizhni  Novgorod.  Russia.  (4)  SRI.  Moscow.  Russia 
Jyrki.MannineQ@sgo.fi  /  Fax  +358-16-619875  ' 

The  Jan  1993  VLF  campaign  by  Sodankyla  Geophysical  Observatory  at  Porojarvi  in 
Northern  Hnland  has  produced  a  remarkable  dataset  of  VLF  emissions.  The  data  is 
characterised  by  a  high  incidence  of  power  line  harmonics,  and  also  bv  frequent 
echoing  of  events  up  to  six  times  The  PL  HR  lines  are  identified  as  being  due  to  the 
Finnish  power  system,  since  the  dominant  lines  occurat  f=50(12n±l)  Hz.  There  is 
clear  evidence  that  these  PLHR  lines  penetrate  the  magnetosphere  and  trigger  VLF 
emissions  in  the  equatorial  zone  A  wide  variety  of  emission  forms  arc  noted, 
namely  steep  multiple  risers,  upward  and  downward  hooks.  In  this  paper  we 
numerically  simulate  emissions  triggered  at  2950.  3650  and  4 150  Hz.  The  code  is  a 
ID  EM  code  using  the  Vlasov  Hybrid  Simulation  technique  (VHS).  It  assumes 
parallel  propagation  and  a  hot  anistropic  electron  distribution  function  giving  linear 
growth  rates  -60  dB/s.  The  code  has  a  bandw  idth  -50  Hz.  and  permits  linear  spatial 
variations  of  wavenumber  Making  plausible  choices  for  L  shell  and  equatorial  cold 
plasma  density,  successful  simulations  have  been  made  of  PLIIR  triggered  risers, 
fellers  and  upward  hooks  Simulated  sweep  rates  -1  kHz/s  were  in  very  good 
agreement  with  the  data  The  simulations  also  revealed  key  aspects  of  the 
phenomenon  of  triggered  VLF  emissions.  When  the  equatorial  linear  growth  rate 
exceeds  a  threshold  50  dB/s  the  plasma  becomes  nonlinearty  absolutely  unstable.  At 
the  end  or*  the  linear  growth  phase,  a  stable  nonlinear  structure  termed  a  generation 
region  (GR)  is  set  up.  Risers  and  falters  have  different  distinct  GR  structures,  aui 
hooks  result  when  GR  tvpe  changes.  Interestingly  the  basic  physics  of  VLF 
emissions  is  almost  the  same,  wether  one  is  at  I .=?.  4,  $.  6  or  10. 


MODULATIONAL  INTERACTION  OF  LOWER-HYBRID 
WAVES  AND  FORMATION  OF  COHERENT  STRUCTU¬ 
RES  IN  THE  MAGNETOSPHERE 

S.  I.  Popel 

Institute  for  Dynamics  of  Geospheres,  Lenin  sky  pr.  38,  Building  6, 
117979  Moscow,  Russia.  E-mail:  popel@td.lpi.ac.ru 

A  universal  nonlinear  formalism  is  presented  for  the  description  of  the 
dynamics  of  random  and  regular  lower-hybrid  fields.  This  formalism 
allows^  us  to  obtain  the  integral  equations  describing  the  modulational 
instability  of  spectra  of  lower-hybrid  waves,  find  the  rates  and  thresh¬ 
olds  of  the  instability.  It  is  shown  that  the  appearance  of  the  instability 
thresholds  is  possible  only  for  the  spectra  which  occupy  the  whole  region 
in  the  wave  vector  space  where  the  waves  can  exist.  The  instability  is 
investigated  in  detail  for  the  parameters  of  the  waves  and  the  magneto- 
spheric  plasma  inherent  in  the  conditions  of  the  observations  carried  out 
by  the  satellite  Freja.  It  is  shown  that  the  coherent  field  formation  and. 
correspondingly,  the  formation  of  the  state  of  strong  turbulence  in  the 
magnetospheric  plasma  is  connected  with  the  development  of  the  modu¬ 
lational  processes.  In  particular,  the  magnitudes  of  the  threshold  density 
of  the  lower-hybrid  fields,  which  characterize  the  process  of  excitation 
of  regular  fields  in  the  Earth's  magnetosphere  and  have  been  observed 
by  the  satellite  Freja,  are  explained  by  considering  the  thresholds  of  the 
modulational  instability. 


MAGNETOSHEATH'S  MODEL  IN  THE  CGL  APPROXIMATION 

M.  I.  Pudovkin  (Institute  of  Physics,  St.  Petersburg  State  University,  St.  Pe¬ 
tersburg,  Russia  198904) 

B.  P.  Besser  (Space  Research  Institute.  Austrian  Academy  of  Sciences,  A- 
8010  Graz,  Austria) 

V.  V  .  Lebedeva  and  S.  A.  Zaitseva  (Institute  of  Physics.  St.  Petersburg  State 
University.  St.  Petersburg.  Russia  198904) 

Parameters  of  the  solar  wind  plasma  and  magnetic  field  in  the  magnetosheath 
in  dependence  on  the  IMF  orientation  are  calculated  for  an  anisotropic  plasma 
in  the  CGL- approximation.  There  is  shown  that  for  given  parameters  of  the 
solar  wind,  the  temperature  anisotropy  of  the  magnetosheath  plasma  results 
in  a  decrease  of  the  magnetic  field  intensity  and  of  the  plasma  density  at  the 
magnetopause,  especially  for  a  southward  IMF.  Influence  of  the  pitch-angle 
diffusion  of  protons  on  the  magnetosheath  parameters  is  discussed. 


DEMODULATION  OF  HF  RADIO  TRANSMITTER  SIGNALS  BY 
THE  POLAR  ELECTROJET 

M.  J.  Rycroft  (l),  A.  G.  Dcmekhov  (2),  V.  Y.  Trakhtengerts  (2),  J.  Manni- 
nen  (3)  and  T.  Turunen  (3) 

(1)  International  Space  University,  Parc  dTnnovation,  Boulevard  Gonthier 
cTAndernach,  67400  Tllkirch,  France,  (2)  Institute  of  Applied  Physics,  46 
Ulyanov  at.,  603600  Nizhny  Novgorod,  Russia,  (3)  Sodankyla  Geophysical  Ob¬ 
servatory,  Sodankyla,  Finland, 
rycrof tCisu . isunet . edu 

The  ionospheric  demodulation  of  modulated  signals  from  HF  broadcasting 
transmitters  by  the  polar  clectrojet  is  considered.  The  main  effect  is  caused 
by  the  formation  of  an  ionospheric  travelling  wave  antenna.  This  antenna  ra¬ 
diates  demodulated  ELF/ VLF  waves  in  two  directions,  one  of  which  coincides 
with  the  line  connecting  the  broadcasting  transmitter  with  the  ELF/VLF  re¬ 
ceiver,  and  the  other  is  the  mirror  image  of  this  line  relative  to  the  direction 
of  the  ionospheric  current.  In  this  paper,  attention  is  paid  to  the  demodula¬ 
tion  effects  from  the  curved  and  non-stationary  electrojet.  It  is  shown  that  the 
curvature  and  temporal  variations  of  the  polar  clectrojet  can  lead  to  focus¬ 
ing  or  dcfocusing  of  the  demodulated  ELF/VLF  signal,  causing  fast  variations 
of  its  amplitude  and  polarisation.  Quantitative  estimates  of  these  effects  are 
presented. 


THE  ROLE  OF  THE  ELECTRON-TO-ION  TEMPERATURE  RA¬ 
TIO  AND  TRANSIENT  ELECTRONS  IN  THE  LINEAR  STABIL¬ 
ITY  OF  THE  QUASI-NEUTRAL  SHEET  TEARING  MODE 
M.  I.  Sitnov  (1)  and  H.  V.  Malova  (2) 

(l)  Institute  of  Nuclear  Physics.  119399  Moscow.  Russia.  (2j  Institute  of  Nu¬ 
clear  Physics.  119899  Moscow.  Russia. 
stn®decl. npi.msu.su/Fax:  7(095]  939  3553 

The  linear  stability  of  the  tearing  mode  in  the  magnetotail  current  sheet  with 
nonzero  normal  component  of  the  equilibrium  magnetic  field  first  obtained 
by  Lembege  and  Pellat  (1932:  considered  the  electrons  to  be  trapped  in  the 
current  sheet.  The  sufficient  stability  criterion  severely  limits  tearing  instabilitv. 
interpreted  as  due  to  electron  compressibility.  The  electron  population  in  the 
current  sheet  however  consists  of  trapped  as  well  as  transient  populations.  The 
integral  equation  for  the  perturbed  electron  densi  cy  including  both  trapped 
and  transient  populations  is  obtained  within  the  drift  kinetic  approximation. 
It  is  shown  that  due  to  the  transient  population  the  electrostatic  contribution 
to  the  flux  tube  integrated  electron  density  does  not  vanish,  but  dominates  at 
sufficiently  small  electron  temperature.  The  formation  of  the  plateau  in  the  local 
density  profile  along  the  field  line  ac  sufficiently  small  TJTt  is  demonstrated  and 
a  new  sufficient  criterion  of  stability  is  obtained.  As  compared  to  the  original 
criterion  of  Lembege  and  Pellat  [1982]  the  stability  condition  is  reduced  by  a 
factor  of  (371/7*,)-.  Thus  marginal  stability  state  may  be  reached  for  sufficiently 
cold  electrons  as  noted  earlier  by  Schindler  [1974]. 
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SPRITE  EFFECTS  ON  THE  IONOSPHERE 

A.I.  Sukhorukov  and  P.  Stubbe  (Max-Planck-Institut  fur  Aeronomie, 
D-3T191  Katlenburg-Lindau,  Germany) 

Sprites  and  Elves  are  brief  luminous  flashes,  occurring  over  mesoscaie  convec¬ 
tive  systems  at  altitudes  of  about  50  -  90  km  and  preceded  by  strong  tropo¬ 
spheric  discharges.  Their  mechanisms  are  believed  to  be  the  direct  heating  of 
free  electrons  up  to  a  few  eV  and  the  breakdown  of  the  atmosphere  (at  heights 
where  the  density  is  sufficiently  low)  due  to  the  large  electromagnetic  and 
quasi-electrostatic  fields,  or/and  the  runaway  breakdown  initiated  by  cosmic 
raj's.  These  strongly  nonlinear  processes  are  associated  with  a  large  transient 
current  and  convert  a  part  of  the  LF  -  HF  energy,  as  well  as  a  part  of  the  elec¬ 
trostatic  energy  of  the  tropospheric  discharge,  into  the  energy  of  the  transient 
ULF  -  ELF  radiation  ( Sukhorukov  et  ai,  GRL  23,  2911,  1996;  Sukhorukov  and 
Stabbe ,  GRL  24,  829,  1997:  GRL  24, 1639,  1997).  The  energy  conversion  results 
in  an  unusually  effective  excitation  of  a  number  of  the  large-scale  electromag¬ 
netic  resonance  phenomena  in  the  Earth  environment,  such  as  the  Schumann 
resonances  and  the  transversal  resonances  of  the  Earth-ionosphere  cavity,  and 
the  Alfven  resonances  in  the  upper  ionosphere.  A  review  of  these  and  of  a  num¬ 
ber  of  other  Sprite-related  nonlinear  phenomena  in  the  ionosphere,  already 
discovered  or  predicted,  will  be  given. 


NONLINEAR  INTERACTION  OF  WHISTLER  WAVES  WITH  A 
MODULATED  THIN  ELECTRON  BEAM 

A  S.  Volokitin  (1)  and  C.  Kraffi  (2) 

(1)  Institute  of  Terrestrial  Magnetism.  Ionosphere  and  Radiowave  Propagation. 
Academy  of  Sciences.  Moscow 

(2)  Laboratoire  de  Physique  des  Gaz  et  des  Plasmas.  Centre  National  de  la 
Recherche  Scientifique.  Universite  Paris-Sud.  Orsay^ 
Catherine.Krafftfilpgp.u-psud.fr/Fax:  33-1-01  69  15  78  44 

The  nonlinear  theorv  of  a  thin  modulated  electron  beam  interaction  with  a 
monochromatic  whistler  wave  is  considered.  The  self-consistent  set  of 
differential  equations  describing  the  wave  amplitude  evolution  and  the  beam 
particles  motion  has  been  solved  by  a  computer  code.  We  discuss  here  the  results 
issued  from  the  numerical  solution  of  the  differential  system,  and  namely  the 
physical  features  of  the  nonlinear  beam-wave  interaction  (trapping,  slowing 
down  of  the  beam,  wave  damping,  multiple  bunching,  beam  focusing)  as  well  as 
the  influence  of  the  physical  parameters  on  the  wave  emission:  beam  energy  and 
density  ,  initial  beam  velocity  distribution  and  beam  current  modulation.  We  have 
shown  that  the  trapped  particles  are  the  source  of  the  emission:  they  are 
decelerated  in  phase  with  the  wave  and  remain  in  Cherenkov  resonance  with  it 
owing  to  a  nonlinear  shift  of  the  parallel  wave  number.  No  quasi-periodic 
exchange  of  energy  between  the  wave  and  the  particles  has  been  observed. 


LINEAR  AND  NONLINEAR  PROPERTIES  OF  ALFVEN  WAVES 
IN  PLASMAS  CONTAINING  HIGHLY  CHARGED  IMPURITIES 
OR  DUST 

S.V.  Vladimirov  and  N.F.  Cramer 

School  of  Physics,  The  University  of  Sydney  NSW  2006,  Australia. 

S  .VladimirovQphysics. usyd.edu.au/Fax:  [61]  2  9351  7726 
Processes  in  dusty  plasmas  are  being  studied  intensively  because  of  their  im¬ 
portance  for  a  number  of  applications,  in  particular  in  plasmas  of  the  Earth  s 
environment. 

The  dust  affects  plasma  collective  properties  in  many  ways.  The  simplest  ef¬ 
fects  are  due  to  the  charged  dust  grains  carrying  a  proportion  of  the  negative 
charge  of  the  plasma.  Eveii  if  this  proportion's  quite  small  and  the  dust  dy¬ 
namics  is  ignored,  it  can  have  a  large  effect  on  propagation  of  some  waves  (e.g., 
hydromagnetie  Alfven  waves  at  frequencies  below  the  ion-cyclotron  frequency). 
We  consider  dispersion  characteristics  of  low  frequency  electromagnetic  waves 
propagating  in  a  magnetized  plasma  with  immobile  dust  grains  and  finite  elec¬ 
tron  temperature.  Modification  of  the  Alfven  resonance  absorption  mechanism 
due  to  the  presence  of  the  dust  is  discussed.  Nonlinear  effects  in  propagation 
of  Alfven  waves  parallel  to  the  external  magnetic  field  are  considered,  and  sur¬ 
face  Alfven  waves  are  discussed.  Also,  formation  of  shocks  in  dusty  plasmas  is 
examined. 


Self-affine  fractal  dynamics  of  the  activities  of  the  Sun  and  magnetosphere  of  the 
Earth 

O.D.Zotov  Observatory  Borok  IPhE,  152742  Borok,  Yaroslavl.  Nekouz.Russia) 

At  the  analysis  of  dynamics  of  solar  (international  SunSpot  Number  -  SSN  and 
SOLAR  RADIO  FLUX  10.7  sm  -  SRF)  and  geomagnetic  (Ap-  and  Dst-indexes) 
activities  (everywhere  -  daily  average  meanings  for  the  period  with  I960  for  1996 
years)  within  the  framework  of  the  concept  of  the  stochastic  fractals  with  the  methods 
of  the  Hurst  (H)  and  calculations  of  fractal  dimension  on  a  covering  it  is  shown,  that 
chaotic  dynamics  of  all  indexes  (without  periodic  components  of  22-year’s  cycle)  - 
self-affine  stochastic  fractals:  H(SSN)=0.74,H(SRF)=0.82,  H(Ap)=0.63.H(Dst)=0.80. 
Are  considered  the  fractal  dimensions  and  statistics  of  distribution  of  characteristic  ; 
time's  intervals  for  all  processes.  Is  shown  the  dynamics  of  dimensions  in  a  cycle  of 
solar  activity.  Fractal  properties  of  SSN  correlate  with  fractal  properties  Ap,  and  SRF 
correlates  with  Dst.  Statistics  of  time's  intervals  various  for  all  indexes.  Is  shown  that 
the  minimum  by  derivative  from  dynamics  of  yearly  average  meanings  of  SSN 
corresponds  to  a  maximum  of  fractal  dimension  of  geomagnetic  activity  and  vice 
versa.  Generation  chaotic  components  on  the  Sun  are  not  connected  to  generation 
periodic  components  of  solar  activity.  Periodic  component  of  activity  of  the  Sun 
influences  on  chaotic  dvnamics  of  geomagnetic  activity.  Annual  dynamics  of  fractal 
dimensions  of  SSN  (SRF)  in  dynamics  of  geomagnetic  activity  is  not  observed. 
Annual  dvnamics  of  fractal  dimension  Ap  correlates  with  dynamics  of  yearly  average 
meanings  Ap.  but  for  SSN.  SRF  and  Dst  such  correlation  is  not  observed.  Marked  by 
Hurst  the  fact,  that  the  nature  chooses  H  t  0.7  in  global  situations,  finds  the 
confirmation  in  indexes  of  the  activity  ot  the  Earth  and  Sun. 
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COLLECTIVE  CHARGING  PROCESSES  IN  DUSTY  PLASMAS 
S.V.  Vladimirov 

School  of  Physics,  The  University  of  Sydney  NSW  2006.  Australia. 
S.VladimirovQphysics .usyd.edu.au/Fax:  [61]  2  9351  7726 
Processes  in  dusty  plasmas  are  being  studied  intensively  because  of  their  im¬ 
portance  for  a  number  of  applications,  in  particular  in  plasmas  of  the  Earth  s 
environment. 

The  dust  grain  charge  is  mostly  determined  by  plasma  currents.  We  focus 
our  attention  here  on  this  charging  machanism.  and  consider  its  influence  on 
plasma  waves.  The  main  difference  of  dust  particles  from  heavy  ions  is  that 
the  dust  charge  is  not  fixed.  Thus  plasma  collective  perturbations  lead  to  dust 
charge  fluctuations  which  in  turn  affect  the  plasma  waves.  Physical  processes 
with  frequencies  of  order  or  iess  than  the  dust  charging  frequency  are  strongly 
affected  by  the  dust  charge  fluctuations.  The  kinetic  theory  of  a  dusty  plasma 
taking  into  account  the  dust  charge  perturbations  is  discussed. 
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ST8  The  high-latitude  ionosphere  and  magnetosphere: 
coupling  and  solar  wind  forcing 

Convener:  Woch,  J. 

Co-Convener:  Villain,  J.-P. 


SUPERDARN  OBSERVATIONS  OF  SMALL-SCALL  EXPAND¬ 
ING  STRUCTURES 

R.  Andre  (1),  J.P.  Villain  (1),  V.  Krasnosel’skikh  (1)  and  C.  Hanuise  (2) 

(1)  LPCE/CNRS,  3 A  Avenue  de  la  Recherche  Scientifique,  45071  Orleans  cedex 
2,  France,  (2)  LSEET/CNRS,  Universite  de  Toulon,  BP  132,  83957  La  Garde 
Cedex,  FRANCE. 

raandreCcnrs-orleans.fr/Fax:  [33]  (0)2  38  63  12  34 

The  F-region  plasma  is  usually  totally  magnetized  and  flows  across  the  mag¬ 
netic  field  with  a  velocity  V  =  ExB/B2.  This  explains  why  we  can  expect  °a 
divergence  free  motion  of  the  plasma  in  the  plane  perpendicular  to  the  magnetic 
field.  In  this  presentation,  we  present  several  cases  where  the  plasma  motion 
is  locally  highly  divergent  and  forms  a  small-scale  expanding  structure.  They 
have  been  always  observed  during  periods  of  northward  interplanetary  mag¬ 
netic  field,  near  the  polar  cap  boundary,  in  the  nighside  ionosphere,  where  the 
convection  pattern  is  very  irregular  for  Bz  north.  No  global  motion  of  the  struc¬ 
tures  is  observed,  their  lifetime  is  about  5-10  minutes  and  their  characteristic 
scale  size  is  about  150  km.  In  this  presentation,  we  describe  those  event  in  terms 
of  ions  demagnetization  in  the  F-region.  By  using  a  description  of  the  data  with 
the  collective  wave  scattering  theory,  we  also  show  that  the  turbulence  regimes 
inside  these  structures  can  be  described  as  a  demagnetization  event.  We  explain 
those  events  by  an  anomalous  transport  induced  by  turbulence,  raising  from  a 
plasma-beam  interaction.  This  process  is  then  related  to  the  global  geophysical 
condition,  when  the  interplanetary  magnetic  field  is  northward. 


HIGH-LATITUDE  IONOSPHERE  AND  MAGNETOSPHERE 
DEPENDENT  ON  THE  SOLAR  WIND  MAGNETIC  FIELD 
E.  S.  Belenkaya 

Institute  of  Nuclear  Physics,  Moscow  State  University,  1198999,  Moscow, 
Russia. 

elena«decl. npi.msu.su/Fax:  [07]  095  939  08  96 

Solar  wind  magnetic  field  orientation  determines  the  global  magnet ospheric 
magnetic  field  structure  and  corresponding  high-latitude  quasi-static  iono¬ 
spheric  convection  in  two  hemispheres.  Dependent  on  interplanetary  magnetic 
field  (IMF)  orientaton,  different  types  of  reconnection  exist:  two-dimensional 
reconnection  at  merging  line  for  southward  IMF;  three-dimensional  reconnec¬ 
tion  at  neutral  points  for  northward  IMF;  simultaneous  existence  of  both  of 
these  merging  types  for  near-radial  IMF.  For  the  near-radial  IMF,  ionospheric 
convection  pattern  represents  on  principle  new  structure  reflecting  features  of 
both  two-dimensional  and  three-dimensional  mergings  existing  simultaneously. 
Together  with  vortex  pattern  and  reverse  convection,  only  a  part  of  an  open 
field  line  region’s  boundary  is  equipotential.  The  other  part  includes  ionospheric 
projection  of  merging  line,  which  is  intersected  by  open  and  closed  field  lines 
during  their  convection. 


GEOPHYSICAL  EFFECTS  OBSERVED  BY  GROUND-BASED  HF 
DISTANCE  DIAGNOSTIC  TOOLS  DURING  TROMS0  HEATING 
EXPERIMENT 

N.R  Blagoveshchenskaya  fl).  A.  Brekke  (2),  V.A.  Kornienko  (1),  M.T.  Rietveld  (3) 
(I)  Arctic  and  Antarctic  Research  Institute.  St.Petersburg,  Russia,  (2)  Auroral 
Observatory  University  of  Tromso,  Norway,  (3)  EISCAT  Scientific  Association, 
Norway 

nataly@aari.nw.ru  /  Fax:+7-812-352-2688 

Results  are  presented  from  the  Tromso  Heating  experiment  on  17  February  1996  in 
the  Es-!ayer  of  the  auroral  ionosphere  during  magnetospheric  substorm  in  which  HF 
distance  diagnostic  tools  located  in  St.Petersburg,  Russia,  combined  with  multi- 
instrument  observations  at  Tromso,  Norway,  were  employed.  Observed  geophysical 
phenomena  initiated  by  the  Tromso  HF  heater  action  on  the  nightside  auroral  Es 
region  of  the  ionosphere  are  the  following:  (I)  the  appearance  wave  variations  in 
Doppler  frequency  shifts  correlated  with  magnetic  pulsations  in  the  D-component  at 
Tromso  within  Pc4  range  (1 15  s)  coinciding  in  time  with  the  onset  of  the  substorm 
expansion:  (2)  the  evidence  of  local  substorm  current  changes;  (3)  stimulated 
electron  precipitation  lasting  for  40-60  s  due  to  a  cyclotron  resonant  interaction  of 
natural  precipitating  electrons  with  heater- induced  whistler  waves  in  the 
magnetosphere  during  substorm  expansion.  Obtained  results  clearly  show  the 
evidence  on  the  modification  of  the  ionosphere-magnetosphere  coupling  during 
magnetospheric  substorm  produced  by  powerful  HF  radio  waves  in  the  auroral  Es 
region  of  the  ionosphere. 


FORMATION  AND  EVOLUTION  OF  SAID  IN  THE 
COURSE  OF  A  SUBSTORM 

J.  De  Keyser.  M.  Roth,  and  J.  Lemaire 

Belgian  Institute  for  Space  Aeronomy,  Brussels,  Belgium 

We  propose  a  physical  mechanism  that  explains  why  subauroral  ion 
drifts  (SAID)  are  formed  in  the  course  of  a  substorm  and  how  they 
evolve.  An  SAID  is  considered  to  be  the  ionospheric  signature  of  a  mag¬ 
netospheric  interface  between  the  cold  plasmatrough  and  hot  injected 
plasma  moving  inward.  The  flow  shear  that  exists  across  such  an  inter¬ 
face  in  the  vicinity  of  the  plasmapause  is  responsible  for  the  generation 
of  intense  electric  fields  in  the  pre-midnight  sector,  where  SAID  are  ob¬ 
served.  Quantitative  simulations  confirm  that  this  mechanism  accounts 
for  SAID  width  and  peak  drift  velocity.  The  mechanism  explains  why 
SAID  are  never  observed  equatorward  of  the  plasmapause.  The  inward 
traveling  time  of  the  injected  plasma  agrees  with  the  delay  between  sub¬ 
storm  onset  and  the  apparition  of  SAID;  the  evolution  of  the  ionospheric 
drift  profile  is  consistent  with  observations  as  well. 


STRUCTURE  OF  AURORAL  PRECIPITATION  IN  MAGNETO¬ 
SPHERE  MORNING  SECTOR:  RELATION  WITH  CONVEC¬ 
TION  REVERSAL  BOUNDARIES  AND  FIELD-ALIGNED  CUR¬ 
RENTS 

Y.  I.  Felds  tein 

Institute  of  Terrestrial  Magnetism  and  Radio  Wave  Propogation,  Troitsk, 
Moscow  Region,  142092  Russia, 
gromovafltop. izmiran.troitsk .ru 

Location  of  boundaries  of  various  structural  regions  for  near-midnight  sector 
of  magnetosphere  was  discussed  in  detail  by  Newell  et  al  [1996],  Feldstein  and 
Galperin  [1996].  This  classification  is  based  on  physically  substantiated  bound¬ 
aries  of  regions  with  different  physical  characteristics  as  far  as  structure  of 
precipitating  plasma  fluxes  and  their  energy  spectra  in  the  interval  from  dozen 
eV  to  dozen  thousands  eV  are  concerned.  The  precentation  covers  auroral  plas¬ 
ma  precipitation  structure  in  magnetospheric  morning  sector  based  on  similar 
data  about  simultaneous  intersections  of  high  latitude  region  by  Viking  and 
DMSP  F7  satellite.  The  structures  classification  strongly  relies  on  plasma  fluxes 
spectrogramms,  their  pitch-angle  characteristics  and  morphological  peculiari¬ 
ties.  Relationship  among  plasma  structures  and  location  of  Region  1/Region  2 
field-aligned  currents,  large-scale  magnetospheric  convection  is  discussed.  FAC 
intensity  and  direction  was  determined  on  the  basis  of  magnetic  field  variations 
measurements  on  board  DMSP  F7  and  Viking,  while  convection  direction  was 
determined  based  on  Viking  observations  of  electric  fields. 
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INNER  MAGNETOSPHERE  RESPONSE  TO  THE  PASSAGE  OF 
HELIOSPHERE  CURRENT  SHEET 
S.-Y.  Fa  (1),  B.  Wilken  (1)  and  Q.-G.  Zong.(l) 

(1)  Max-Planck  Institut  fuer  Aeronomie,  D-37191  Katlenburg- 
Lindau, Germany. 

syfufilinnipi.mpg.de/FaLx:  [49]  5556  979  139 

During  a  CME  positive  phase  on  Jan.  11, 1997,  When  Geotail  was  moving  in  the 
near-Earth  duskside  of  LLBL  (Low  Latitute  Boundary  Layer),  several  energetic 
ions  bursts  were  detected  by  HEP-LD  instrument.  Such  ions  bursts  were  closly 
related  to  the  passage  of  the  Filament  or  the  Heliosphere  Current  Sheet  (HCS) 
which  embedded  in  this  CME  event.  The  magnetosphere  was  relatively  quiet 
whereas  the  DST  index  get  rather  high  positive  values. 

The  present  paper  concentrates  on  composition  observations  obtained  by  the 
energetic  ion  spectrometer  HEP-LD.  The  variation  of  composition  during  the 
passage  of  HCS/Filament  was  obvious.  How  a  HCS/Filament  interacts  with 
the  magnetosphere  and  its  physical  impliation  will  be  discussed. 


ANALYSES  OF  RELATIONSHIP  POLAR  ARC  TO  LARGE- 
SCALE  ELECTRODYNAMICS 
S.  A.  Golysliev 

Institute  of  Terrestrial  Magnetism  and  Radio  Wave  Propogation,  Troitsk, 
Moscow  Region,  142092  Russia, 
gromovafitop . izmiran. . troitsk.ru 

Using  Viking  and  DMSP  satellite  data  calculations  of  the  large  scale  high- 
latitude  ionospheric  convection  associated  with  polar  cap  arcs  are  fulfilled.  On 
Aug.,  3  and  Sept.,  25,  1986  bright  transpolar  arcs  were  located  in  the  north¬ 
ern  polar  cap.  Background  high-latitude  field-aligned  currents  (FAC)  for  these 
periods  were  reconstructed  from  IZMEM  model  [l]  on  base  of  solar  wdnd  param¬ 
eters.  Field-aligned  currents  for  polar  arcs  were  reconstructed  using  the  model 
[2].  Calculations  show  that:  l)increase  of  the  conductivity  connected  with  the 
polar  arc  changes  large-scale  convection  insignificantly;  and  2)  FAC  of  polar 
arc  may  change  this  convection  near  arc  area  more  essentially.  Space  distribu¬ 
tions  of  the  ionospheric  convection  and  the  magnetic  field  on  the  ground  level 
associated  with  polar  cap  arcs  are  demonstrated. 

1.  Papitashvili  V.O.,  Belov  B.A.,  Golyshev  S.A.  et  al.  Electric  potential  pat¬ 
terns  in  the  northern  and  southern  polar  region  parameterized  by  the  IMF,  J. 
Geopkys.  Res.,  1994,  99,  p. 13251. 

2.  Valladares  C.E,  Carlson  H.C.  The  electrodynamic,  thermal  and  energetic 
character  of  intense  sun-aligned  arcs  in  the  polar  cap,  J.  Geophys.  Res.,  1991, 
96,  p.1379. 


OBSERVED  POLAR  CAP  IONOSPHERE  DEPENDENCE  ON  IMF 


New  method  for  reconstruction  of  the  polar  convection  pattern 
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The  agents  that  control  the  polar  cap  ionosphere  morphology  have  probably  all  been 
identified  and  their  effects  explored  through  model  studies.  Many  of  the  effects  have 
been  clearly  substantiated  by  measurements,  such  as  UT,  seasonal,  hemispherical, 
and  solar  cycle  dependencies.  Magnetospheric  control  has  been  less  thoroughly 
explored.  Dependencies  on  magnetic  activity  have  been  singled  out  -  complex  time- 
dependent  changes  are  the  most  characteristic  consequences  of  enhanced  magnetic 
activity.  The  direction  of  the  interplanetary  magnetic  field  (IMF)  could  have  a  more 
clearly  defined  effect  since  the  polar  cap  distribution  of  ionization  is  strongly 
dependent  upon  the  convection  pattern.  Sorting  through  complete  data  sets  from 
several  ionospheric  satellites,  from  near  Fmax  well  into  the  topside  ionosphere,  a 
clear  IMF  effect  on  the  ionosphere  was  not  found  in  the  measurements  from  all 
satellites.  Nevertheless  there  are  data  sets  that  provide  statistical  evidence  for 
ionosphere  electron  density  differences  between  the  dawn  and  dusk  sides  of  the  polar 
cap  when  the  IMF  component  Bz  was  negative.  The  asymmetry  in  local  time  was 
opposite  for  the  northern  and  southern  polar  cap,  and  was  opposite  for  positive  and 
negative  By  directions.  No  patterns  could  be  clearly  attributed  to  a  By  positive 
state.  These  observations  are  consistent  with  modeled  expectations. 


A  new  method  is  suggested  for  restoration  of  instantaneous  convection 
pattern  in  the  Earth's  polar  ionosphere.  The  method  uses  the  electric  field 
vector  measurements  along  the  polar  orbits  as  input  data.  Plasma  convection 
in  the  polar  cap  ionosphere  is  described  as  a  hydrodynamic  incompressible 
flow.  This  description  is  valid  in  the  region  Where  the  electric  currents  are 
field  aligned  (and  hence,  the  Loretz  body  force  vanishes).  In  addition,  the 
problem  becomes  two-dimensional,  and  may  be  described  by  means  of 
stream  function.  Then,  a  solution  of  hydrodynamic  equation  for  stream 
function  can  be  found  in  the  polar  cap  regions  surrounded  by  segments  of 
satellite  trajectories,  if  the  electric  field  vector  components,  measured  along 
the  trajectories,  are  taken  as  boundary  conditions.  This  solution  corresponds 
rather  well  to  the  'true'  convection  picture  and  may  be  considered  as  a 
restored  'effective'  convection  pattern.  It  is  shown  that  the  convection  pattern 
may  be  restored  with  a  reasonable  accuracy  by  means  this  method,  by  using 
only  the  minimum  number  of  satellite  crossings  of  the  polar  cap. 


CONJUGACY  OF  GEOMAGNETIC  DISTURBANCES  IN  THE 
AURORAL  OVAL  POLEWARD  AREA 

L.  I.  Gromova 

Institute  of  Terrestrial  Magnetism  and  Radio  Wave  Propogation,  Troitsk, 
Moscow  Region,  142092  Russia, 
gromovafitop .  izmiran. .  troit  sk .  ru 

The  latitudional  distribution  of  the  geomagnetic  field  components  are  analyzed 
using  the  records  from  the  meridional  chain  of  magnetometers  in  Scandinavia, 
Nord  in  Greenland,  Mirny  and  Komsomolskay  stations  in  Antarctica.  A  par¬ 
ticular  consideration  is  given  to  a  poleward  expansion  of  the  westward  auroral 
electrojet  during  the  substorm  expansion  phase  which  occurs  in  a  course  of 
a  development  of  the  magnetic  storm  main  or  recovery  phases.  The  latitudi¬ 
nal  region  where  the  westward  electrojet  is  located  in  the  Northen  hemisphere 
is  compared  with  the  westward  electrojet  polar  edge  location  in  the  Southen 
hemesphere.  Various  effects  depending  on  the  magnetic  storm  intensity  and  dif¬ 
ferences  between  latitudinal  distributions  are  investigated  and  discussed.  The 
Tsyganenko’s  magnetospheric  field  model  and  the  Alexeev’s  paraboloidal  mag¬ 
netospheric  model  are  used  to  compare  the  conjugate  geomagnetic  phenomena 
in  both  the  Northern  and  Southern  polar  regions. 


OPTICAL  SIGNATURES  OF  TRAVELLING  CONVECTION 
VORTEX  EVENTS 

B.  Jacobsen  (1,3),  W.  Lyatsky  (2,3) 
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(2)  Polar  Geophysical  Institute,  Apatity  184200  Russia,  (3)  International  Space 
Science  Institute,  3012  Bern,  Switzerland  bjacob@so.estec.esa.nl/Fax:  +31  71  565 
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The  optical  signatures  in  the  dayside  aurora  observed  at  Svalbard,  Norway,  have  been 
observed  during  the  propagation  of  three  travelling  convection  events  (TCVs)  across 
the  meridian  of  the  observation  point.  All  TCV  events  were  associated  with  the 
occurrence  of  a  wave  in  the  auroral  luminosity,  which  was  realised  in  a  travelling 
bulge  at  the  equatorial  edge  of  the  cusp/cleft  630.0  nm  auroral  emission  band.  The 
bulge  propagated  westward  or  eastward  at  approximately  the  same  velocity  as  the 
TCV  and  reached  several  degrees  of  latitude  in  amplitude.  The  equatorial  border  of  the 
red  emission  band  seemed  to  be  shifted  poleward  in  the  center  of  the  TCV  event  and 
equatorward  at  the  leading  edge  (in  the  morning  sector)  or  at  the  trailing  edge  (in  the 
evening  sector)  of  the  event.  The  auroral  luminosity  wave  may  be  associated  with  the 
excitation  of  discrete  auroral  forms  which  are  also  shifted  poleward  in  the  center  of  the 
TCV  event  and  reappear  equatorward  of  the  previous  location  of  the  equatorial  edge 
of  the  cusp/cleft  auroral  red  emission  band,  near  the  region  of  the  upward  Birkeland 
current.  The  poleward  shift  of  the  cusp/cleft  auroral  red  band  and  discrete  auroras  in 
the  center  of  the  TCV  event  may  be  interpreted  as  the  result  of  a  displacement  of  the 
equatorward  boundary  of  the  LLBL/PSBL  by  the  electric  field  of  the  TCVs,  associated 
with  strong  poleward  convection  flow  in  the  center  of  the  event. 
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ION  COMPOSITION  IN  THE  HIGH-LATITUDE  NIGHTSIDE  MAGNETO¬ 
SPHERE:  A  STATISTICAL  STUDY 


CLUSTER  MULTIDIMENSIONAL  CLASSIFICATION  OF  GMS  MAIN 
PHASES 


G.  Kettmann  (1),  J.  Woch  (1),  U.  Mall  (1),  S.  Livi  (1),  B.  Wilken  (1),  T.A.  Fritz  (2), 

J.F.  Fennell  (3)  and  M.  Grande  (4) 

(1)  Max-Planck-Institul  fur  Aeronomie,  Katlenburg-Lindau,  Germany,  (2)  Center  for 
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After  almost  two  years  of  the  POLAR  mission,  we  have  obtained  a  comprehensive  set  of 
data  from  the  Magnetosphcric  Ion  Composition  Spectrometer  (MICS).  MICS  is  a  sub¬ 
system  of  the  CAMMICE  experiment  and  measures  the  flux  of  various  ions  in  the  energy 
range  of  1  -  400  keV  per  charge  by  means  of  an  electrostatic  analyser,  a  time-of-flight 
system,  and  a  solid  state  detector.  Using  this  data  base  we  have  conducted  a  statistical 
study  on  the  abundance  of  various  ion  species  in  the  high-latitude  nightside  magneto¬ 
sphere.  Previous  works  suggest  that  energetic  oxygen  ions  play  a  fundamental  role  in  the 
initiation  of  magnctospheric  substorms.  We  will  therefore  focus  our  analysis  on  the  oxy¬ 
gen  contribution  in  the  various  plasma  regimes  and  delineate  between  ionospheric  and 
magnetotail  sources.  We  discuss  the  dependence  of  the  composition  on  geomagnetic  ac¬ 
tivity  and  solar  wind  conditions. 


INVESTIGATION  OF  DAYSIDE  AND  NIGHTSIDE  IONOSPHERIC 
RESPONSE  DELAYS  TO  CHANGES  IN  THE  IMF  CONDITIONS 
USING  SIMULTANEOUS  SATELLITE  AND  EISCAT  DATA 

H.  Khan.  S.  W.  H.  Cowley  University  of  Leicester,  Leicester,  LEI  7RH,  UK 
E-mail:  hkl3@ion.le.ac.uk 

This  paper  presents  a  multi-instrument  study  of  the  processes  occurring 
between  the  interplanetary  magnetic  field  and  the  Earth’s  ionosphere.  The 
coupling  of  these  two  regimes  leads  to  many  observable  features,  not  least 
of  which  is  the  generation  of  flow  patterns  in  the  high  latitude  ionosphere. 
The  database  created  for  the  following  study  used  the  IMP-8  spacecraft  and 
the  EISCAT  ‘CP-1’  experiment  to  provide  the  IMF  data  and  vector  flow 
velocities,  respectively.  Approximately  450  hours  of  simultaneous  data  has 
been  accumulated  spanning  from  1993  to  the  present  day.  The  entire  data 
set  was  separated  into  two  hour  intervals  so  that  a  cross  correlation  study 
could  be  undertaken  between  the  IMF  Bz  component  and  positive  eastward 
and  positive  northward  vector  velocities,  respectively.  This  statistical 
analysis  highlights  the  response  times  for  the  ionosphere  after  changes  in 
the  IMF  cause  reconnection  at  the  nose  of  the  magnetosphere.  The  results 
from  this  study  cover  all  local  time,  though  special  care  must  be  taken  when 
attempting  to  accurately  determine  nightside  response  times  since  many 
other  features  can  be  present,  such  as  spatial  discontinuities  and  substorm 
activity. 


Detailing  of  physical  picture  of  22  March,  1979  geomagnetospheric  storm 
(substorm)  with  using  system  approach  (pattern  recognition  methods) 

J.V.Kovatevsky 

Institute  of  Terrestrial  Magnetism  and 
Radio  Wave  Propogation  Academy  of  Science. 

Troitsk,  Moscow  Region,  142092  Russia 
jkoval@izmiran.rssi.ru;  ishkov@top.izmiran.troitsk.ru 
FAX:  [095]  334-01-24 

We  have  carried  out  the  physical  picture  detailing  of  complex  geomagnetospheric  (22 
March,  1979)  storm  on  the  base  of  the  comparing  one-hour  averaging  data  (global 
physical  structure)  and  5-minutes  averaging  data  (detailed  physical  structure)  with 
using  more  adequate  to  this  phenomenon  of  system  approach  and  pattern  recognition 
method.  Most  sutable  and  informative  for  describing  storms  were  system  units 
characterized  by  the  AE-  index  elementarysplashes  with  using  formal  criteria  of 
apportionment  most  probable  variant  processes  development  as  a  whole.  Detailing  of 
storm  physical  picture  taking  into  account  delay  time  of  the  "effects”  processes  relative 
to  the  "cause"  processes  and  with  the  inclusion  one  processes  insted  of  exclusion  of 
others  allows  to  enlarge  entire  picture  of  a  phenomenon  and  to  reveal  some  aspects  of 
interaction  interplanetary  medium  magnetosphere-ionosphere-geomagnetic  activity.  It 
has  been  shown  that  the  storm  traditional  forecasting  (the  geomagnetic  parameters  on 
the  base  of  the  SW  parameters)  is  not  correct.  The  suggested  system  approach  is  more 
effective.  It  allows:  a)  to  reveal  the  multi-chanel  development  of  the  processes, 
realizing  different  mechanisms,  b)  to  base  on  the  storm  forecasting  on  some 
parameters  complex  derived  from  calculated  parameters  and  chooced  on  the  SDA 
base  the  delay  time  values  of  the  AE-,  AL-,  Dst-  indexes  relative  to  the  SW  parameters. 


I.V.Kovalevsky  and  E. [.Kovalevskaya 
Institute  of  Terrestrial  Magnetism  and 
Radio  Wave  Propogation  Academy  of  Science, 

Troitsk,  Moscow  Region,  142092  Russia 
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FAX:  [095]  334-01-24 

The  work  is  devoted  to  investigation  of  the  main  phases(MP)  of  31  GMS 
(geomagnetospheric  storms)  using  pattern  recognition  methods:  under  analysis  is  the 
fact  what  of  greater  importance  if  for  "external"  classification  of  GMS-scales  of 
changes  (average  level  and  variation  range)  of  the  leading  basic  characteristics(Dst- 
and  AE-index,By-  and  Bz-component  of  IMB  -B)  or  their  character  not  depending  on 
scale.  It  will  be  shown  that  both  the  classifications  proves  to  be  effective  for  GMS 
MP.but  in  different  aspects-according  to  inner  "similarity'’  or  processes  inner 
"correlativity".The  analysis  of  the  separated  in  various  classifications  GMS  groups 
according  to  the  peculiarities  of  their  inner  structures  permitted  not  only  specifying 
different  variants  of  GMS  MP  procedure, but  also  underlying  significant  local 
interconnections  originating  during  quick  change  of  the  parameters  obtained  at 
analysis  of  the  second  time  derivatives  of  all  32  parameters  involved  to  investigation. 
The  content  physical  analysis  of  the  (Dst-  AE-  Bz)  -  classification  dendrites  allows 
differently  (than  previously)  to  address  the  problem  of  storm -subs to rm  relationship. 


On  the  Magnetic  Unconjugation  of  Travelling  Convection  Vortices. 

A.Kozlovskv.  L.Benkevich  and  W.Lyatsky 
Polar  Geophysical  Institute,  Apatity,  184200,  Russia 
E-mail:  skoz@pgi-ksc.murmansk.su 

A  three-dimensional  model  has  been  elaborated  for  the  electric  current  system  of 
high-latitude  dayside  magnetospheric  convection  vortices.  The  model  takes  into 
account  the  spatial  distribution  of  the  ionospheric  conductivity  as  dependent  on 
season,  local  and  universal  time.  The  model  was  applied  to  evaluate  the  field- 
aligned  currents,  transverse  ionospheric  currents  and  the  ground-observed  magnetic 
effect.  (The  latter  is  obtained  in  the  terms  of  the  equivalent  ionospheric  currents.)  It 
is  shown  that  the  equivalent  ionospheric  currents  features  strongly  depend  on  the 
ionospheric  conductivity  spatial  distribution.  Also,  it  is  shown  that  the  difference  in 
the  ionospheric  conductivity  of  the  Northern  and  Southern  hemispheres  leads  to 
strong  unconjugation  in  the  positions  of  the  Hall  ionospheric  current  foci.  In  the 
light  of  the  obtained  results,  the  problem  of  the  TCVs  magnetospheric  sources 
localization  is  discussed. 


STATISTICAL  PATTERNS  IN  CHANGES  OF  SOLAR  WIND  AND  IMF 
FOR  SPACECRAFT  ERA  AND  PLANETARY  GEOMAGNETIC  ACTIVITY 

T.  V.  Kuznetsova,  V.  G.  Petrov 

IZMIRAN,  142092,  Troitsk,  Moscow  region,  Russia 
vpetrov@top. izmiran.troitsk.ru/Fax: +7  095  3340921 

Experimental  data  on  plasma  and  IMF  got  during  space  era 
(1965-1996)  from  King's  catalogue  are  analysed  to  find 
connection  between  changes  of  the  geomagnetic  activity 
and  the  solar  wind  parameters  on  annual  scale.  Ap  index 
is  used  for  character  of  the  geomagnetic  activity  that 
classified  into  quiet  (q) ,  moderate  and  geomagnetic 
storm  (d)  levels  according  to  the  observed  index.  Solar 
wind  data  and  IMF  caused  these  geomagnetic  conditions 
are  classified  also  to  q,  d  levels.  It  is  shown  that 
during  transition  of  the  planetary  magnetosphere  from  q 
to  d  level  such  annual  parameters  of  the  solar  plasma 
as  velocity  V,  temperature  T,  mean  module  of  IMF  IBI 
increase;  latitude  angle  of  IBI  Fi  (GSE  SC)  and  Bz  IMF 
(GSE,  GSM  SC)  demostrate  turn  of  the  IMF  from  north 
direction  to  the  south.  It  is  shown  that  the  greatest 
relative  change  for  the  transition  from  g  to  d  level 
have  Bz  IMF.  Numerical  values  of  the  geoefficiency  of 
the  plasma  parameters  and  IMF  are  defined  and  discussed. 
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THE  RELATIONSHIP  OF  HF  RADAR  BACKSCATTER  TO  THE 
ACCUMULATION  OF  OPEN  MAGNETIC  FLUX  PRIOR  TO  SUBSTORM 
ONSET 

R.  V.  Lewis  (I),  M.  P.  Freeman  (1)  and  G.  D.  Reeves  (2) 
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We  identify  a  characteristic  signature  observed  in  data  from  the  Halley  HF  radar 
during  the  substorm  growth  phase  and  investigate  what  this  reveals  about 
magnetotail  evolution  leading  up  to  substorm  onset.  The  signature  is  a  super-diurnal 
equatonvard  propagation  of  the  radar  backscatter  returns.  Solar  wind  spacecraft  data 
helped  to  estimate  the  start  of  the  growth  phase,  whereas  geostationary  spacecraft 
data  or  ground  magnetometer  pulsation  data  established  the  time  of  substorm  onset. 
It  is  found  that  the  signature  in  the  radar  data  is  characteristic  of  a  particular  class  of 
substorm  activity,  those  substorms  which  are  the  first  to  occur  following  quiet 
magnetospheric  and  ionospheric  conditions.  By  using  the  solar  wind  data,  we  are 
able  to  estimate  the  reconnection  electric  field  at  the  magnetopause  for  four  such 
events.  An  empirical  relationship  is  found  to  exist  between  the  time  integral  of  this 
electric  field  during  the  growth  phase  and  the  equatorward  propagation  of  the  HF 
radar  backscatter.  By  relating  this  to  the  addition  of  open  magnetic  flux  to  the  polar 
cap,  an  upper  limit  to  the  length  of  the  reconnection  X-line  can  be  quantitatively 
estimated.  Other  possible  interpretations  of  this  relationship  are  discussed. 


LOCAL  POLAR  MAGNETOSPHERE-IONOSPHERE  TOPOLOGY 
DETERMINED  BY  ULF  WAVE  SIGNATURES  USING  AN  ANTARCTIC 
MAGNETOMETER  ARRAY. 
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A  closely  spaced  (-150km  separation)  triangular  induction  magnetometer  array 
operated  in  Antarctica  at  high  latitudes  (L=I4.2)  near  the  open/closed  field  line 
boundary  has  been  used  to  determine  the  latitudinal  position  of  the  cusp/LLBL 
projection  onto  the  ionosphere  relative  to  the  array.  Geomagnetic  field  line 
resonance  (FLR)  signatures  in  the  Pc5  1-10  mHz  range  have  been  observed  and 
their  presence  or  absence  is  a  diagnostic  of  closed/open  field  line  status  within  the 
effective  field  of  view  of  the  array.  It  is  expected  that  the  FLR  signatures  will  be 
present  when  the  cusp/LLBL  projection  is  poleward  and  the  array  is  under  closed 
field  lines.  Similarly,  FLR  signatures  will  be  absent  when  the  cusp/LLBL  projection 
is  equatorward  and  the  array  is  under  open  field  lines.  ULF  isotropic  fast  mode 
waves  are  also  observed  by  the  array  as  geomagnetic  pulsations  in  the  Pc  1-2  (0.1- 
0.5  Hz  range),  probably  as  a  result  of  mode  conversion  of  field  guided  Alfven  mode 
ion-cyclotron  waves  from  the  outer  magnetosphere.  We  observe  the  presence  of 
FLR  signatures  in  the  data  when  the  Pc  1-2  sources  are  poleward  of  the  array  and 
when  there  are  no  FLR  signatures,  Pc  1-2  sources  are  equatorward  of  the  array. 


ELECTRON-PROTON  PRECIPITATION  EFFECTS  ON  THE 
IONOSPHERE  DURING  FAST/EISCAT/ESR  COORDINATED 
EXPERIMENTS 

J.  Lilensten(l),  M.  Galand(2),  W.  Kofman  (1),  C.  Cattell  (3).  K.  Sigsbee  (3), 
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We  have  examined  data  obtained  from  several  coordinated  experiments  between 
the  spacecraft  FAST  and  the  radars  EISCAT  and  ESR.  These  coordination 
periods  include  different  levels  of  solar  activity.  The  particle  fluxes 
measured  by  FAST  are  used  as  inputs  in  a  coupled  electron/proton  transport 
code,  and  the  computed  ionospheric  parameters  are  then  compared  to  the 
EISCAT  measurements.  We  compare  the  effects  of  the  electron 
precipitation  to  the  ion  precipitation,  and  show  that  ions  can  be  a  major 
source  for  the  creation  of  the  ionosphere.  We  will  also  describe  the 
differences  observed  in  the  precipitation  characteristics  and  resulting 
ionospheric  conditions  above  EISCAT  and  ESR. 


Statistics  of  cusp  and  magnetosheath  ion  populations  observed  with  Polar. 
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Magnetosheath  ion  populations  are  frequently  observed  by  Polar  as  it  passes  through 
the  region  of  the  dayside  cusp.  With  nearly  two  years  of  Polar/C  AMMICE  data  now 
available  we  can  begin  to  draw  statistical  conclusions  on  the  occurrence  and  duration 
of  these  events.  We  associate  them  with  interplanetary  magnetic  fields,  as  observed  by 
Wind.  Depencencies  of  the  occurences  of  these  ion  populations  with  Bz  and  By  are 
observed.  The  expected  features  are  seen,  namely  a  proponderence  of  events  at  lower 
invariant  latitude  during  times  of  negative  Bz,  and  to  the  dawn-side  during  negative 
By.  There  is  however  considerable  scatter.  Longer  events  are  not  invariably  associated 
with  Bz  positive. 


X 

ir 


DISPERSIVE  PROTON  INJECTIONS  AT  HIGH  LATITUDE,  OB¬ 
SERVED  BY  INTERBALL  AURORAL  PROBE  ON  JANUARY  11, 
1997 
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While  the  plasma  cloud  of  the  January  1997  CME  event  was  passing  by  the 
Earth,  the  Interball  Auroral  Probe  was  skimming  the  poleward  edge  of  the 
duskside  auroral  oval.  The  PROMICS-3  plasma  instrument  observed  disper¬ 
sive  injections  of  magnetosheath-like  ions  (mainly  protons)  over  a  wide  range 
of  magnetic  local  times  (16-21  MLT).  The  ion  injections  were  observed  at  ex¬ 
ceptionally  late  local  times,  after  a  period  of  prolonged  (8  hours)  northward 
IMF.  During  the  first  injection,  also  oxygen  ions  was  seen,  and  the  same  oxygen 
ions  were  also  seen  on  conjugate  field  lines  at  an  higher  altitude  by  the  TIMAS 
instrument  on  board  the  Polar  spacecraft.  The  proton  injections  exhibited  typ¬ 
ical  dispersive  behavior,  enabling  to  make  estimates  of  their  source  with  model 
calculations. 

We  present  analysis  of  the  event  and  discuss  possible  mechanisms  producing 
observed  injections,  as  well  as  source  regions  of  the  ions,  as  deduced  from  model 
calculations. 


ELECTRIC  FIELD  CHARACTERISTICS  OF  THE  HIGH- 
LATITUDE  MAGNETOPAUSE 

B.  Popielawska  (Space  Research  Center,  00-716  Warsaw,  Poland) 

G.  Gustafeson  and  K.  Stasiewicz  (Swedish  Institute  of  Space  Physics,  S-75591 
Uppsala,  Sweden) 

F.S.  Mozer  (Space  Sciences  Laboratory  and  Physics  Dept.,  University  of  Cali¬ 
fornia,  Berkeley,  CA  94720) 

C.  T.  Russell  (Institute  of  Geophysics  and  Planetary  Physics,  University  of 
California,  Los  Angeles,  CA  90024-1567) 

Our  survey  of  Key  Parameters  from  the  Magnetic  Field  Experiment  shows  that 
during  first  year  of  POLAR  mission  a  distinct,  high-shear  magnetopause  (MP) 
was  crossed  near  the  apogee  on  22  orbits  under  high  solar  wind  dynamic  pres¬ 
sure  (3.6  to  16  nPa).  The  majority  of  high-shear  MP  crossings  occurred  during 
northward  interplanetary  magnetic  field  (IMF)  at  the  poleward  edge  of  the 
cusp.  There  are  also  observations  of  a  high-latitude  MP  under  southward  IMF 
when  BY  was  a  dominating  component  and  these  MP  crossings  took  place 
on  the  evening  or  morning  edge  of  the  cusp.  The  geocentric  distance  of  the 
observed  magnetopause  was  always  less  (up  to  2.5  Re)  than  is  predicted  by 
the  Tsyganenko  96j01  magnetosphere  model.  The  above  result  suggests  that 
either  the  whole  magnetosphere  at  high  latitudes  is  more  compressible  than  it 
was  found  from  low-latitude  MP  observations  or  that  the  high-latitude  magne¬ 
topause  is  significantly  eroded  near  the  antiparallel  merging  site.  We  analyse 
the  DC  electric  field  measured  by  EFI  while  approaching  the  magnetopause. 
The  pattern  of  the  electric  field  should  be  different  in  these  two  situations. 
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CUTLASS  FINLAND  RADAR  OBSERVATIONS  OF  THE 
IONOSPHERIC  SIGNATURES  OF  FLUX  TRANSFER  EVENTS  AND 
THE  RESULTING  PLASMA  FLOWS 

G.Provan.  T.K.  Yeoman  and  S.  E.  Milan 
University  of  Leicester,  Leicester,  LEI  7RH,  UK 
E-mail:  gp3@ion.le.ac.uk 

The  CUTLASS  Finland  radar  has  been  run  in  a  two-beam  special  scan 
mode,  which  offered  excellent  temporal  and  spatial  information  on  the  flows 
in  the  high-latitude  ionosphere.  A  detailed  study  of  one  day  of  this  data 
revealed  a  convection  reversal  boundary  (CRB)  in  the  CUTLASS  field  of 
view  on  the  dayside,  the  direction  of  plasma  flow  either  side  of  the  boundary 
being  typical  of  a  dawn-cell  convection  pattern.  Poleward  of  the  CRB  a 
number  of  pulsed  transients  are  observed,  seemingly  moving  away  from  the 
radar.  These  transients  are  identified  here  as  the  ionospheric  signature  of 
flux  transfer  events  (FTEs).  Equatorward  of  the  CRB  continuous 
backscatter  was  observed,  believed  to  be  due  to  the  return  flow  on  closed 
field  lines.  The  two-beam  scan  offered  an  unparalleled  opportunity  to 
determine  the  size  and  velocity  of  the  ionospheric  signatures  associated  with 
flux  transfer  events  and  the  related  plasma  flow  pattern.  The  transient 
signature  was  found  to  have  an  azimuthal  extent  of  approximately  1700  km 
and  an  poleward  extent  of  -250  km.  The  motion  of  the  transient  signature 
was  in  a  predominantly  westward  azimuthal  direction,  at  a  velocity  of  7±4 

km  s"1 . 


VARIATIONS  OF  THE  AZIMUTHAL  COMPONENT  OF  IONOSPHERIC 
ELECTRIC  FIELD  BEFORE  AND  DURING  AURORAL  BREAKUP  AS 
INFERRED  FROM  COORDINATED  EISCAT  AND  TV  MEASUREMENTS 
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We  discuss  the  results  of  the  EISCAT  measurements  of  the  ionospheric  electric  fields 
near  active  auroral  forms.  We  have  examined  six  breakups  near  local  midnight  together 
with  IMF  data  and  have  found  the  following  features.  1)  A  westward  component  of  the 
field  gradually  increases  few  minutes  before  a  breakup.  A  negative  turning  of  the  IMF 
Bt  approximately  30  minutes  before  a  substorm  onset  seems  to  be  a  reason  for  this 
increase.  2)  An  aurora  enhancement  during  breakup  is  accompanied  by  a  decrease  in 
the  westward  component  of  the  ionospheric  electric  field  from  30  to  5-10  mV/m.  On 
the  contrary,  an  auroral  fading  is  accompanied  by  the  recovering  of  this  component 
approximately  to  the  pre-breakup  value.  We  assume  a  disturbance  of  ionospheric 
conductivity  to  be  responsible  for  these  variations.  3)  An  impulsive  reduction  interrupts 
the  gradual  increase  of  the  westward  component  just  before  a  breakup.  This  reduction 
coincides  with  a  short-lived  brightening  of  a  pre-existing  arc  (pseudobreakup)  and  may 
be  connected  with  a  local  enhancement  of  ionospheric  conductivity,  too.  The  observed 
features  are  discussed  in  the  context  of  substorm  development. 


BOUNDARY  LAYER  DYNAMICS  AND  SUBSTORMS 
VIEW  FROM  ISTP  SPACECRAFT 
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The  kinetic  energy  of  boundary  layer  plasma  flows  might  be  high  enough  for 
driving  substorms.  Plasma  processes  there  could  also  control  the  onset  of  substorm 
activities.  The  mechanism  of  this  interaction  could  be  twofold:  direct  momentum 
exchange  of  the  BL  flows  with  PSBL/LLBL  interfaces  and  generation  of  field- 
aligned  current  systems.  The  latte rs  modify  the  ionospheric  conductivity  that  might 
result  in  the  cross-tail  current  desruptions  and  magnetic  field  re-configurations.  We 
study  the  possible  implications  of  the  processes  at  high  and/or  low  latitude  flanks 
of  magnetosphere  on  the  basis  of  the  recent  experimental  data  provided  by  ISTP 
spacecraft.  We  concentrate  on  the  MP  encounters  and  plasma  injections  from  the 
MSH  deeply  into  the  tail  wich  might  initiate  the  substorm  activity.  We  also  study 
the  reverse  problem:  the  large  scale  distortions  and  motions  of  the  magnetopause 
caused  by  formation  and  propagation  of  plasmoids.  The  chain:  SW  disturbances/ 
BLs/  substorms/  BLs  is  discussed  along  with  the  perspectives  of  the  multipoint 
correlative  substorm/BL  studies. 


THE  JANUARY  1997  CME  AND  ITS  TERRESTRIAL  IMPACT  -  AN 
EXAMPLE  OF  MULTI-INSTRUMENT  STUDIES 
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The  coronal  mass  ejection  of  January  &,  1997  which  caused  a  geomagnetic 
storm  on  January  10/11  was  not  an  exceptional  event  from  the 
solar/geophysical  point  of  view.  It  was  however  the  first  event  studied 
almost  completely  with  a  variety  of  instruments  from  its  origin  on  the  Sun  to 
the  effects  in  the  terrestrial  atmosphere.  Observations  with  optical 
instruments  on  the  SOHO  space-borne  observatory  led  to  its  detection, 
particle  instruments  on  SOHO  and  on  the  WIND  spacecraft  monitored  the 
properties  of  the  corresponding  magnetic  cloud  propagating  through  the 
interpanetary  space,  and  several  satellites  within  the  terrestrial 
magnetosphere  observed  the  results  of  the  interaction  of  the  latter  with  this 
cloud.  Ground-based  instruments  finally  registered  the  impact  on  the 
terrestrial  ionosphere/atmosphere.  Examples  from  the  different 
measurements  are  presented  and  discussed.  Such  studies  will  in  the  future 
improve  our  understanding  of  solar-terrestrial  relationships  which  is  a 
prerequisite  for  reliable  space  weather  forcast. 


TIMING  PSEUDO-  AND  TRUE-  EXPANSION  ONSET  OF  THE 
CDAW6  SUBSTORM  OF  MARCH  22,  1979. 
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Timing  of  the  well  known  CDAW6  substorm  (10-13)UT  of  March  22,  1979 
was  performed  in  the  series  of  earlier  works  (special  issue  JGR.  1985)  using 
the  diverse  of  traditional  means  but  without  data  on  the  open  magnetic  flux 
variations.  The  first  considerable  (>  150  nT)  substorm  onset  in  1054  UT  was 
taken  as  expansion  onset.  According  to  NENL  substorm  model  this  moment 
determines  start  of  the  open  tail  reconnection.  In  this  paper  plots  of  the  open 
magnetic  flux  variations,  calculated  by  magnetogram  inversion  technique,  will 
supplement  traditional  means  of  substorm  timing.  It  will  be  shown  that  this 
additional  information  makes  it  possible  to  determine  start  of  the  open  tail 
reconnection  exactlier  that  changes  the  results  of  timing  essentially.  It  is  de¬ 
termined  that  true  expansion  onset  is  at  1124  UT  but  moment  1054  l'T  is  the 
first  of  pseudobreakups  during  active  interval  (1054-1 124) UT,  i.e.  it  is  substorm 
onset,  which  does  not  include  the  open  tail  reconnection.  The  interval  (1054- 
1124)UT  is  separated  as  the  additional  active  phase,  preceding  expansion. 


ALFVENIC  STRUCTURES  IN  THE  OUTER  CUSP 
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Alfven  waves  provide  the  basis  for  electromagnetic  coupling  between  the  iono¬ 
sphere  and  the  magnetosphere.  Satellite  measurements  demonstrate  that  elec¬ 
tromagnetic  (Alfvenic)  structures  with  spatial  width  down  to  an  electron  iner¬ 
tial  length  are  observed  at  all  altitudes:  from  topside  ionosphere  to  the  mag¬ 
netopause  layer.  These  structures  are  believed  to  be  associated  with  discrete 
auroral  forms  and  represent  an  interesting  study  subject  in  the  magnetospheric 
physics.  We  analyze  the  electromagnetic  field  records  measured  by  the  Po¬ 
lar  spacecraft  in  the  outer  cusp  region  and  show  that  the  Alfvenic  structures 
are  most  likely  produced  by  plasma  structures  penetrating  from  the  magne- 
tosheath. 
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INVESTIGATION  OF  SUBSTORM- ASSOCIATED  FEATURES  IN  THE 
PLASMA  SHEET  OBSERVED  BY  THE  POLAR  SATELLITE 
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This  presentation  details  the  initial  results  obtained  from  a  study  of  two  intervals  of 
substorm  activity  observed  by  the  Polar  spacecraft  during  passes  over  the 
Scandinavian  sector.  The  study  makes  use  of  the  CAMMICE  instrument  on  board 
the  Polar  spacecraft  specifically  to  investigate  substorm  effects  in  the  plasma  sheet. 
Other  Polar  instruments  from  which  data  has  been  used  include  the  Ultra-Violet 
Imager  (UVI)  that  provides  images  of  the  auroral  zone  throughout  both  intervals. 
There  are  also  several  other  instruments  used  including  those  on  board  the  WIND, 
LANL  and  IMP-8  spacecraft,  along  with  the  IMAGE  magnetometer  chain.  These 
instruments  provide  background  data  sets  that  are  used  to  confirm  the  presence  of 
substorm  activity  and  give  the  timing  of  the  onset  of  any  such  activity.  The  first 
interval  is  a  period  of  low  magnetic  activity,  with  several  apparent  entries  into,  and 
exits  from  the  plasma  sheet  as  the  spacecraft  moves  across  L-shells  ranging  from  L 
=  19  to  L  =  8.  The  second  is  a  more  magnetically  active  interval  during  which 
several  substorms  take  place,  with  entry  into  the  plasma  sheet  occurring  well  into 
the  expansion  phase. 


DAYSIDE  HIGH-LATITUDE  IRREGULAR  MAGNETIC  PULSATIONS  OF 
2-10  MINUTES  PERIOD,  AND  THEIR  RELATIONSHIP  TO  THE  SOLAR 
WIND. 

S.  Vennerstroem  (DMI) 
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The  occurrence  of  dayside  high-latitude  magnetic  pulsations  with  periods  between 
2-10  minutes  is  investigated  statistically  using  data  from  around  20  magnetic  stations 
in  Greenland,  Scandinavia  and  Canada  many  of  which  has  been  in  operation  for  a  full 
solar  cycle.  We  derive  timeseries  of  the  power  spectral  density  in  two  different 
frequency  bands:  2-4  minutes  period  and  5-10  minutes  period.  The  average  psd  in 
these  bands  maximizes  in  the  early  morning  sector  between  aurora!  and  cusp  latitudes. 
We  have  compared  with  satellite  observations  of  the  solar  wind  velocity,  and  find  a 
high  log-linear  correlation  in  the  range  0.7-0.9.  The  highest  correlation  is  found  in  the 
2-4  minute  band.  Contrary  to  this  the  correlation  with  Bz  and  Bs  is  very  weak  (-0.1). 
We  further  investigate  the  relationship  to  other  solar  wind  parameters  such  as  density, 
dynamic  pressure  and  gardenhose/non  gardenhose  angle  of  the  IMF. 


SUPERDARN  STUDIES  OF  THE  IONOSPHERIC  CONVECTION  RESPONSE 
TO  A  NORTHWARD  TURNING  OF  THE  INTERPLANETARY  MAGNETIC 
FIELD 
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The  response  of  the  dayside  ionospheric  flow  to  a  sharp  change  in  the  direction  of  the 
interplanetary  magnetic  Field  (IMF)  measured  by  the  WIND  spacecraft  from  negative 
Bz  and  positive  By,  to  positive  Bz  and  small  By,  has  been  studied  using  SuperDARN 
radar,  DMSP  satellite,  and  ground  magnetometer  data.  In  response  to  the  IMF  change, 
the  flow  underwent  a  transition  from  a  distorted  twin-cell  flow  involving  antisunward 
flow  over  the  polar  cap,  to  a  multi-cell  flow  involving  a  region  of  sunward  flow  at 
high  latitudes  near  noon.  Sunward  flows  were  found  to  appear  immediately  (within  a 
minute  or  so)  at  the  start  of  the  flow  change,  localised  initially  in  a  small  region  near 
noon  at  the  equatonvard  edge  of  the  radar  backscatter  band.  Subsequently  the  region 
occupied  by  these  flows  expanded  rapidly  east-west  and  poleward  over  intervals  of -7 
and  -14  min  respectively,  to  cover  a  region  at  least  2  h  wide  in  local  time,  and  5  deg 
in  latitude,  before  rapid  evolution  ceased. 


APPLICATION  OF  COLLECTIVE  WAVE  SCATTERING  TO  SU¬ 
PERDARN  RADARS  :  SPATIO-TEMPORAL  EVOLUTION  OF 
TURBULENCE  PARAMETERS  FOR  SPECIFIC  GEOPHYSICAL 
EVENTS 
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The  collective  wave  scattering  theory,  associated  with  a  Lagrangian  descrip¬ 
tion  of  the  diffusion  center  motion,  has  been  applied  to  the  analysis  of  multi¬ 
frequency  HF  coherent  radar  data.  An  analytical  expression  to  fit  the  power  of 
the  autocorrelation  functions  has  been  established,  that  allows  a  direct  deter¬ 
mination  of  the  various  characteristic  parameters  of  the  ionospheric  turbulence 
:  turbulent  diffusion  coefficient,  correlation  length  and  correlation  time.  We 
present  spatio-temporal  evolutions  of  the  turbulent  diffusion  coefficient  for  spe¬ 
cific  events  caracterized  by  a  divergent  plasma  flow.  Three  different  regimes  are 
well  identified.  The  whole  picture  is  in  agreement  with  hypothesis  made  from 
the  macroscopic  behaviour  and  morever  helps  to  discriminate  between  different 
possible  scenarios.  This  is  to  our  knowledge  the  first  attempt  to  use  the  the¬ 
ory  of  collective  wave  scattering  for  a  better  understanding  of  the  ionosphere- 
magnetosphere  coupling. 


Polar  Cap  Boundary  Layer  Waves,  Ion  Heating  and  Magnetic  Storms 
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The  Polar  plasma  wave  instrument  team  has  identified  “broadband”  plasma  waves 
adjacent  to  the  polar  cap  magnetic  field  lines.  We  call  these  dayside  emissions  polar 
cap  boundary  layer  (PCBL)  waves.  These  emissions  are  almost  always  present  on 
field  lines  that  map  into  the  dayside  magnetopause  low  latitude  boundary  layer 
(LLBL).  These  LLBL  waves,  through  wave-particle  resonant  interactions,  can 
cross-field  diffuse  magnetosheath  plasma  to  form  the  LLBL  plasma  region. 

We  use  high  resolution  wideband  waveform  data  to  investigate  the  nature  of  the 
“broadband”  PCBL  waves.  Both  the  electric  and  magnetic  components  have  been 
studied.  We  will  comment  on  the  nature  of  the  waves  (electromagnetic  or 
electrostatic,  time  variability,  etc.)  and  how  they  comprise  the  apparent  broadband 
structures. 

The  waves  appear  to  be  responsible  for  the  heating  and  acceleration  of  H+,  He\  He~ 
and  O*  ions.  We  argue  that  the  CP  ions  will  be  preferentially  heated  due  to  the  wave 
spectral  shape  (steeper  than  f  "l).  We  propose  that  these  PCBL  ions  could  be  the 
seed  population  for  the  magnetic  storm  ring-current. 


STRONG  FLOW  BURSTS  IN  THE  NIGHTSIDE  IONOSPHERE  DURING 
EXTREMELY  QUIET  CONDITIONS 

A  D  M  WalkerfU. M.  Pinnock(2).  K.B.  Baker (3).  JR. Dudeney(2)  and  J.P.S.  Rash(l) 

(1)  Dept.  Of  Physics,  Univ.  Of  Natal,  Durban,  S.  Africa. 

(2)  British  Antarctic  Survey,  Cambridge  CB3  OET,  UK. 

(3)  The  Johns  Hopkins  University,  Applied  Physics  Laboratory,  Laurel,  MD,  USA 
M.Pinnock@bas.ac.uk/Fax:  +44-1223-362616 

Results  of  an  HF  radar  study  of  convection  during  an  extended  magnetically  quiet 
interval  on  March  10  1997  are  presented.  After  thirty  hours  during  which  the  solar 
wind  met  the  criteria  for  a  quiet  magnetosphere  the  HF  radars  at  SANAE  and  Halley 
in  Antarctica  showed  strong  activity  on  the  night  side.  Flow  bursts  with  velocities  of 
more  than  2000  m/s,  corresponding  to  electric  fields  exceeding  100  mV/m,  were 
observed.  These  occurred  quasi-periodically  for  almost  two  hours  on  the  night  side 
with  a  repetition  time  of  several  minutes.  It  is  concluded  that  they  map  to  a  region  well 
inside  the  magnetotail.  It  is  suggested  that  they  are  associated  with  sporadic  energy 
releases  during  reconfiguration  of  the  tail  magnetic  field,  and  that  this  can  occur  even 
during  an  extended  quiet  period.  ISTP  spacecraft  data  will  be '  presented  to  try  and 
understand  the  energy  coupling  processes  involved. 
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COMPARISON  OF  PREDICTIONS  BETWEEN  DIRECT  ENTRY 
CUSP  MODELS  AND  RECONNECTION  CUSP  MODELS 
M.  Yamauchi  and  R.  Lundin 

Swedish  Institute  of  Space  Physics,  Box  812,  S-98128  Kiruna.  Sweden. 

yamaCirf . se 

One  big  issue  concerning  the  origin  of  the  cusp  particles  is  the  relative  im¬ 
portance  of  so  called  "direct  entry*’  and  so  called  "reconnection."  In  the  re¬ 
connection  models  the  magnetosheath  plasma  receives  bulk  acceleration  at  the 
magnetopause  whereas  the  plasma  does  not  receive  too  much  acceleration  but 
is  rather  decelerated  in  the  direct  entry  models  when  it  penetrates  from  the 
magnetosheath  to  the  magnetosphere.  The  deceleration  force  is  not  necessarily 
the  J  x  B  force  but  rather  the  compression  due  to  the  geometry  and  the  escap¬ 
ing  ionospheric  ions.  The  problem  is  that  both  models  expect  very  similar  cusp 
particle  features  because  the  injected  ions  are  affected  by  the  wave  activity, 
thermalization,  energization  and  the  magnetospheric  electric  field  (both  paral¬ 
lel  and  perpendicular)  between  the  entry  region  and  the  magnetospheric  cusp. 
For  example,  the  direct  entry  model  predicts  energization  of  the  plasma  espe¬ 
cially  at  the  boundaries  of  the  cusp.  Whenever  reconnection-based  simulations 
succeed  to  reproduce  some  features  of  the  cusp  plasma,  they  automatically 
become  the  QUANTITATIVE  evidences  for  the  direct  injection  model  too. 
Therefore,  we  have  to  really  look  into  the  QUALITATIVE  difference  between 
the  predictions  of  two  models. 

many  forms  and  the  wave  activity  and  turblence  is  highest  in  the  cusp,  so 
that  case  studies  are  too  much  misleading  because  one  may  found  almost  alt 
evidences  for  any  types  of  model  from  a  single  case.  Therefore  we  have  to 
carefully  select  the  examples  of  cusp  that  shows  the  general  features  for  the 
examination  of  the  models. 


ST9  Effects  of  geomagnetic  storms  and  high-energy 
particle  events  on  the  ionosphere,  thermosphere, 
and  middle  atmosphere 

Convener:  Lastovicka,  J. 

Co-Convener:  Fbrster,  M. 


EFFECT  OF  GEOMAGNETIC  STORMS  ON  THERMOSPHERIC 
NEUTRAL  DENSITY  AND  WAVE  ACTIVITY 

1.  Alm&r  (1),  E.  Ilids-AIm6r  (1)  and  P.  Bencze  (2) 

(1)  Konkoly  Observatory,  Hungarian  Academy  of  Sciences,  Budapest,  Hungary 

(2)  Geodetic  and  Geophysical  Research  Institute,  Hungarian  Academy  of  Sciences, 
Sopron,  Hungary 

The  reaction  of  the  neutral  upper  atmosphere  on  geomagnetic  heating  is 
demonstrated  through  two  phenomena:  one  of  them  is  the  variation  of  the 
atmospheric  density,  the  second  is  the  changing  character  of  the  wave  pattern, 
present  in  the  upper  atmosphere,  during  geomagnetical ly  disturbed  days  with  respect 
to  quiet  periods.  In  the  first  case  density  values  were  derived  from  CACTUS  micro- 
accelerometer  measurements,  while  in  the  second  case  the  investigation  of  the  wave 
activity  was  based  on  the  San  Marco  V  accelerometer  data  as  well.  Since  the 
•geomagnetic  term  of  the  CIRA‘86  (MSIS’86)  model  proved  to  be  a  double  valued 
function  of  Kp  (Ap),  a  model  correction  was  suggested  with  an  added  Dst-dependent 
term.  The  new  dMSIS  model,  based  on  the  measurements  of  a  quasi  equatorial 
satellite,  refers  to  the  equatorial  zone  and  hints  at  the  existence  of  an  equatorial  heat 
source  in  addition  to  the  auroral  heating.  As  regards  the  wave  activity  in  the 
thermosphere,  our  investigation  demonstrated  that  the  average  deviation  of  the 
model  residuals  (representing  the  mean  wave-amplitude)  changes  with  the  level  of 
the  geomagnetic  disturbances,  e.g.  being  higher  in  quiet  periods  at  high  altitudes. 


ENERGETIC  OXYGEN  BEAMS  IN  THE  PLASMOIDS  WITH 
BOTH  By  AND  Bz  BIPOLAR  MAGNETIC  FIELD  SIGNA¬ 
TURES 

Q.-G.  Zong  (1),  B.  Wilkin  (1),  J.  Woch  (X),  G.D.Reeves  (2),  T.Doke  (3), 
T. Yamamoto  (4),  S.Kokubun  (5)  and  S.  Ullaland  (6) 

(1)  Max-Planck  Institut  fuer  Aeronomie,  D-37191  Katienburg- 
Lindau, Germany,  (2)  Los  Alamos  National  Laboratory,  NM,  USA,  (3)  Ad¬ 
vanced  Research  Center  for  Science  and  Engineering,  Waseda  University, Tokyo, 
Japan,  (4)  ISAS,Sagamihara,Japan,  (5)  Department  of  Physics,  Nagoya,  Japan, 
(6)  UOB,  Norway. 
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Energetic  0+  ions  from  the  Earth  polar  ionosphere  were  often  seen  in  the  of 
plasmoids  which  showed  both  By  and  Bz  bipolar  signatures.  The  plasmoids 
structures  with  oxygen  bursts  are  closely  related  to  substorms  and  can  be  un¬ 
derstood  as  a  direct  product  of  the  substorm  process.  The  energetic  0+  bursts 
exhibit  strong  beam-like  structures,  and  are  embedded  in  plasma  flowing  tail- 
ward  at  very  high  speeds  (exceeding  lOOOKm/s).  A  clear  dawn-dusk  gradient 
anisotropy  and  energy  dispersion  are  exhibited  in  the  those  bursts.  The  energy 
dispersion  in  the  oxygen  bursts  allows  us  to  estimate  the  position  of  the  accel¬ 
eration  source  (presumably  the  Near  Earth  Neutral  Line  -NENL  position). 
The  global  aspect  of  the  acceleration  and  transport  of  oxygen  ions  are  dis¬ 
cussed.  The  physics  implications  of  the  both  By  and  Bz  bipolar  magnetic  field 
signatures  and  the  role  of  boundary  layers  of  those  plasmoids  will  be  also  ad¬ 
dressed. 


THE  SIGNAL  OF  SOLAR/GEOMAGNETIC  ACTIVITY  IN  THE 
STRATOSPHERE  OVER  EAST-SIBERIAN  AREA. 

A- Yu.  Belinskaya  (Institute  of  Solar  -  Terrestrial  Physics,  Russian 
Academy  of  Sciences,  Post  Box  4026,  Irkutsk,  Russia). 

Since  East  Siberian  region  is  the  area  of  special  interest  for  the 
global  distribution  and  temporal  variation  of  ozone  due  to  climatic 
peculiarities  and  record  low  ozone  values  during  some  winters  we 
analysed  a  possible  response  of  the  stratosphere  (total  ozone 
content,  TOC)  to  the  variations  of  solar  and  geomagnetic  activity 
(geomagnetic  activity,  Solar  Proton  Events  (SPE),  major 
geomagnetic  storms  and  sudden  winter  stratospheric  warmings)  over 
Irkutsk  meridian  (104E).  We  have  found  some  statistically  significant 
correlations  with  geomagnetic  activity  for  TOC  during  E-phase  of 
quasi-biennial  oscillation  (QBO).  There  is  a  tendency  of  the  effect  of 
major  geomagnetic  storm  to  be  positive  and  to  be  different  for  E-  or 
W-phase  of  QBO  or  for  location  of  ozone  observations.  The  effect  of 
SPE  in  the  TOC  exists  as  well,  but  depends  on  the  intensity  of 
particle  flux  and  season.  Intensity  and  behaviour  of  the  total  ozone 
response  to  stratospheric  warming  depend  on  the  latitude  of  ozone 
observations  and  on  type  of  warming. 


EFFECT  AURORAL  PRECIPITATION  ON  THE  GLOBAL  NITRIC  OXIDE 
DISTRIBUTION  IN  THE  LOW  THERMOSPHERE 

F.S.Bessarab,  Yu.N.  Korenkov 

West  Department  of  IZMIRAN,  Kaliningrad,  Russia 

yk@izmiran.koenig.su  /fax:(7-00 12)2 15606 

On  the  basis  of  Global  Self-consistent  Model  of  the  Thermosphere  Ionosphere  and 
Protonosphere  (GSM  TIP)  was  constructed  the  block  of  odd  nitrogen  with  appropriate 
chemistry  and  3-D  transport  of  the  minor  neutral  constituents  NO,  N(2D).  N(4S).  The 
calculat  ions  were  performed  for  the  summer  solstice  and  high  solar  activity  and 
moderate  geomagnetic  condition.  The  geomagnetic  disturbance  was  simulated  by 
increasing  of  auroral  electrons  flux,  which  was  changed  on  a  factor  30  from  quiet  level. 
The  centre  of  ion  isation  rate  was  located  on  70  latitude  and  24  MLT.  It  was  shown, 
that  even  the  short-term  strengthening  of  auroral  electron  flux  (in  our  simulation  -  1 
hour)  results  in  formation  ring  zone  of  increased  NO  density  in  auroral  area  at  100  km. 
It  should  be  n  oticed  also,  that  the  spatial  distribution  of  increased  NO  density  is 
different  from  geometry  precipitating.  The  scale  time  of  this  zone  is  about  days,  and 
[NO]  can  increase  midlatitude  level  in  5- 10  time.  The  behaviour  NO  during  disturbance 
at  120  km  an  d  over  is  controlled  by  variation  of  the  ionisation  rate.  Result  of  numerical 
simulation  suggest,  that  the  significant  growth  of  [NO]  then  does  not  result  in  downturn 
of  neutral  temperature  afterwards  of  activity  period,  and  accordingly  to  consequences 
i  n  global  distributions  of  other  parameters  of  upper  atmosphere.  The  possible  cause  of 
these  phenomenon  is  discussed. 
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TEMPERATURE-PRESSURE  DEVIATIONS  AND  PREVAILING 
WINDS  IN  THE  N.H.  WINTER  TROPOSPHERE  IN  YEARS  OF 
HIGH  AND  LOW  GEOMAGNETIC  ACTIVITY 

J.  Bochmcek,  P.  Hejda,  V.  Bucha  and  J.  Pycha 
Geophysical  Institute  AS  CR,  Bocni  II,  CZ-14131  Prague 
jboch@ig.cas.cz /Fax:  +420-2-71761549 

Tropospheric  temperature  and  pressure  fields  as  well  as  prevailing  winds  on 
the  Northern  Hemisphere  in  the  winter  periods  1 952-1 997  were  investigated. 
Composite  maps  created  for  the  high  and  low  geomagnetic  activity  and 
individual  QBO  phases  show  clear  differences  not  only  between  different 
levels  of  geomagnetic  activity,  but  also  between  the  two  phases  of  QBO 
Special  attention  was  given  to  the  behaviour  of  the  lower  troposphere  in 
January  and  February  1982. 


FI  REGION  ELECTRON  DENSITY  PROFILES 
DURING  GEOMAGNETIC  STORMS  AS  MEASURED  AT 
PRUHONICE 

D.  Buresova  (1),  P.  Sauli  (1)  and  M.  Mosert  de  Gonzalez  (2) 

(1)  Institute  of  Atmospheric  Physics,  Prague,  (2)  CASLEO,  San 
Juan 

huresd@ufa.cas.cz/Fax:  +420-2-71762528 

Based  on  analysis  of  ionosonde  measurements  at  Pruhonice 
(SON,  15E),  ionospheric  effects  of  four  geomagnetic  storms 
from  1986,  1994  and  1995  (low  solar  activity)  are  analysed.  The 
electron  density  profiles  derived  from  ionograms  by  POLAN  are 
studied  with  a  special  emphasis  paid  to  FI  and  F2  layer 
behaviour.  The  FI  layer  appears  to  be  rather  stable  during 
geomagnetic  storms  with  no  significant  changes.  The  pattern  of 
B1  and  Bo  variation  during  geomagnetic  storms  is  shown.  A 
diurnal  asymmetry  of  the  effect  in  F2  layer  is  illustrated,  the 
storm  negative  effect  in  NmF2  being  much  stronger  in  morning 
than  afternoon  hours. 


MODELLING  THE  EFFECTS  OF  GEOMAGNETIC 
STORMS  ON  THE  IONOSPHERE/THERMOSPHERE 
SYSTEM 

M.  Cudrescu.  T.J.  Fuller-Rowell  (CIRES-University  of  Colorado 
and  SEC-NOAA,  325  Broadway,  Boulder,  CO  80303,  U.S.A.,  co- 
drescu@sec.noaa.gov,  FAX:  (303)  497-3645) 

Important  progress  has  been  made  recently  in  developing  the  theory  of 
geomagnetic  storms  for  the  thermosphere  and  ionosphere.  Numerical 
simulations  have  provided  a  better  understanding  of  the  dynamics  of  the 
upper  atmosphere  and  have  permitted  the  identification  of  the  processes 
responsible  for  first  order  global  storm  effects.  Geomagnetic  storms 
arise  from  a  large  increase,  often  associated  with  changes  in  the  spatial 
distribution,  of  the  high-latitude  energy  deposition  from  the  magneto¬ 
sphere.  The  changes  in  energy  input  have  global  consequences.  Wave 
surges,  driven  by  the  impulsive  energy  input,  propagate  and  interact 
globally,  and  are  dependent  on  Universal  Time  (UT)  and  the  time  history 
of  the  source.  There  is  a  strong  preference  tor  wind  surges  to  maximize 
on  the  nightside  and  in  the  longitude  sector  adjacent  to  the  magnetic 
pole.  Equatorward  wind  surges  drive  F-region  plasma  upwards  and 
can  initiate  a  positive  ionospheric  change.  The  divergent  nature  of  the 
wind  field  causes  upwelling  and  changes  to  the  neutral  composition, 
that  can  be  transported  by  the  storm  and  background  wind  fields.  Neg¬ 
ative  ionospheric  phases  result  from  increased  molecular  species.  At 
low  latitudes  electrodynamic  changes  are  initiated  by  penetration  of 
magnetuspheric  fields  followed  by  rapid  shielding.  The  electrodynam¬ 
ics  proceeds  through  a  sequence  of  reactions  lasting  more  than  a  day. 
In  this  paper  we  present  the  latest  results  in  thermosphere/ionosphere 
storm  modelling  and  review  some  of  the  open  questions. 


STUDY  OF  THE  TRAPPED  RADIATION  DEPENDENCE  BY  THE 
NEUTRAL  ATMOSPHERE  VARIATIONS  AT  THE  ALTITUDE  OF  THE 
MIR  SPACE  STATION 

Ts.P.  DACHEV*.  B.T.  TOMOV*,  Yu.N.  MATVIICHUK*,  R.T.  KOLEVA*,  J.V. 
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Measurements  on  board  the  MIR  space  station  by  Bulgarian-Russian  dosimeter 
LIULIN  have  been  used  to  study  the  Earth  radiation  environment  dependence  by 
the  neutral  atmosphere  density  and  composition.  It  is  found  that  the  proton  fluxes 
in  the  inner  magnetosphere,  which  formed  the  cosmonaut  doses  inside  of  MIR 
space  station,  are  in  strong  dependence  by  the  altitude,  season,  universal  time  and 
the  phase  of  the  solar  cycle.  This  dependence  was  attributed  to  the  neutral 
atmosphere  density  variations  at  the  altitude  of  the  station.  The  obtained  simple 
equations  are  able  to  be  used  for  prediction  of  the  cosmonaut  doses  during  the  flight 
of  the  International  Space  Station  which  will  flow  on  a  similar  orbit  attitudes. 


ELECTRODYNAMICS  OF  AURORAL  ARCS  DURING 
VARIOUS  PHASES  OF  A  SUBSTORM 

C.F.  del  Pozo(l),  P.J.S.  Williams(l),  K.S.  Freeman(2),  P.N.  Smith(3), 
M.  Kosch(4),  and  F.  Honary(5) 

(1)  Physics  Dept,  University  of  Wales  Aberystwyth,  U.K.,  (2)  EISCAT 
group,  Rutherford  Appleton  Laboratory,  U.K.,  (3)  Physics  Dpt,  Sussex 
University,  U.K.,  (4)  Max  Planck  Institut  fur  Aeronomie,  Katlenburg, 
Germany,  (5)  Engineering  Dept,  Lancaster  University,  U.K. 

The  electrodynamics  of  auroral  arcs  are  studied  for  the  various  phases 
of  two  substorm  events  which  occurred  during  a  multi-instrument  cam¬ 
paign  on  13-14  Feb  1996.  The  data  sets  were  provided  by  EISCAT, 
Sussex  and  MPI  all-sky  cameras,  and  the  IRIS  riometer.  The  issues 
considered  are  the  concurrency  of  absorption  and  optical  signatures, 
classification  of  auroral  arcs,  and  the  study  of  the  evolution  of  a  number 
of  physical  parameters  including  temperatures,  conductivies,  and  elec¬ 
tron  precipitation  spectra  at  E  and  F  region  heights.  EISCAT-measured 
E  X  B  velocities  are  compared  with  estimates  of  arc  velocity  from  the 
optical,  and  riometer  drift  measurements.  IRIS  tracks  several  patches  of 
intense  ionisation  which  drift  southeast  until  the  appearance  of  a  mag¬ 
netic  bay,  when  optical  activity  to  the  south  of  Trom$0  -  associated 
with  the  signatures  still  present  in  the  IRIS  data  -  becomes  visible.  On 
one  event,  the  magnetometer  shows  an  enhanced  electrojet  crossing  the 
EISCAT  at  Troms0  accompanied  by  arcs  moving  north-south. 


MODELING  THE  EFFECTS  OF  FORBUSH  DECREASE  IN  GALACTIC 
COSMIC  RAYS  ON  OZONE  CONTENT 

I.  Fedulina  (1),  I.  Kozin  (1)  and  S.  Smyshlyaev  (2) 

(1)  Institute  of  ionosphere,  480068  Almaty,  Republic  of  Kazakstan, 

(2)  Russian  State  institute  of  Hydrology  and  Meteorology,  St-Petersburg, 

Russia  inna@fedul.almaty.kz 

The  two-dimensional  dynamic-chemical  model  is  used  to  examine  contributions  of 
three  possible  mechanisms  of  galactic  cosmic  rays  (GCRs)  effects  during  Forbush 
decrease  on  the  nitric  oxides  NOx,  which  influence  on  ozone  through  catalytic  cycles. 
1)  An  effect  of  atomic  nitrogen  N,  produced  by  GCRs  ionization  and  dissociation 
processes,  on  NOx  production  and  destruction;  2)  an  effect  of  temperature  profile 
changes,  that  lead  to  vertical  transfers  of  atmospheric  gaze  and  to  increasing  of  nitric 
oxides  concentration  at  altitudes  where  GCRs  penetrate  their  energy;  3)  an  impact  of 
GCRs  effects  on  a  rainout  rate  of  NOx  due  to  decreasing  of  rain  precipitations.  The 
results  show  the  latest  is  most  significant  mechanism.  The  computations  allow  to 
substantiate  an  ozone  depletion  at  altitudes  about  10-13  km  observed  in  the  periods  of 
Forbush  decrease  maximum. 
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GEOMAGNETIC  STORM  EFFECTS  ON  THE  TOPSIDE  IONO¬ 
SPHERE  AND  PLASMASPHERE 

M.  Forster  (1)  and  N.  Jakowski  (2) 

(1)  GeoForschungsZentrum  Potsdam,  PB  2.3,  Telegrafenberg,  14473  Potsdam, 
Germany,  E-mail:  mf@gfz-potsdam.de,  (2)  Deutsches  Zentrum  fur  Luft-  und 
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The  coupled  ionosphere-thermosphere-plasmasphere  system  is  a  very  complex 
one.  The  study  of  its  interrelationship  during  geomagnetically  disturbed  condi¬ 
tions  is  an  especially  challenging  task.  A  significant  progress  has  been  achieved 
during  the  last  years  in  developing  comprehensive  theoretical  models  to  describe 
its  global  behaviour.  But  also  more  simple,  specialized  numerical  modelling  of 
some  special  aspects  of  storm  behaviour  and/or  regional  models  have  been  con¬ 
tributed  to  the  progress  in  this  field.  The  paper  tries  to  summarize  the  recent 
development  of  upper  ionosphere  and  plasmasphere  storm  studies  and  mod¬ 
elling.  From  an  observational  point  of  view  the  upper  ionosphere/plasmasphere 
region  is  well  pronounced  in  radio  beacon  measurements  providing  the  total 
electron  content  (TEC).  In  recent  time  space-based  radio  navigation  systems 
such  as  GPS  offer  new  opportunities  to  derive  TEC  on  regional  and/or  global 
scale.  Combining  TEC  with  ionosonde  data,  the  variability  of  the  shape  of  the 
electron  density  distribution  during  storms  can  be  studied.  We  present  some 
examples  of  co-ordinated  investigations,  as,  e.g.,  the  CEDAR  storm  study  in¬ 
tervals. 


GLOBAL  TOMOGRAPHY  DURING  IONOSPHERIC  STORMS 
USING  GPS  DATA 

M.  Hernindez-Pajares  (1,2),  J.M,  Juan  (1,2)  and  J.  Sanz  (2) 

(1)  NASA  Goddard  Space  Flight  Center,  C.632,  Greenbelt,  MD-20771,  USA, 

(2)  Universitat  Politecnica  de  Catalunya,  Jordi  Girona  1-3,  Mod.  C-3  /  B-4, 
Campus  Nord,  08034-Barcelona,  Spain. 

jamneCmat  .upc.es/Fax:  [34J-3-401-6030 

We  present  in  this  work  the  evolution  of  the  3-D  electron  density  at  global  scale 
during  two  ionospheric  storms  (October  18-19,  1995  and  January  10,  1997) 
computed  using  only  actual  Global  Positioning  System  data.  The  tomographic 
model  is  solved  by  means  of  a  Kalman  filtering  with  a  filter  updating  time  of 
1  hour  in  a  Sun-fixed  reference  frame,  and  with  a  resolution  of  10x10  degrees  in 
latitude/local  time  and  100  km  in  height  including  also  a  protonospheric  com¬ 
ponent  (8  layers) .  The  data  set  contains  the  data  from  the  International  GPS 
Service  IGS  (with  more  than  200  ground  GPS  stations  worldwide  distributed) 
and  the  GPS/MET  low  orbiting  GPS  receiver  (both  positive  and  negative  el¬ 
evation  observations  are  used).  This  means  for  each  storm  1,000,000  of  delays, 
400  occuitations  and  3,000  unknowns  per  batch.  The  International  Reference 
Ionosphere  (IRI)  and  data  coming  from  ionosondes  are  used  to  demonstrate 
the  reliability  of  the  results. 


Cluster  analysis  of  strong  geomagnetic  storms 

P.  K.  Ivanova,  Geophysical  institute,  “Akad.  G.  Bonchev"  str.,  Block  3, 
Sofia  1113,  Bulgaria,  te!:713  33  28;  fax:  70  02  26;  E-mail: 
pivanova@geophys.acad.bg  or  geophys@bgearn.acad.bg 

Based  on  the  cluster-regression  analysis  of  10  great  ( IDst  maxi  >100  nT) 
storm  events  occurring  in  1978  -  1979,  it  is  shown  that  the  maximum  value 
|  Dst 

j  max  is  approximated  more  correctly  by  maximum  values  of  the 
interplanetary  magnetic  field  (IMF)  parameters  than  by  current  ones  .  For 
enhanced  magnitudes  of  the  azimuthal  electric  field  Ey,  Akasofu’s 
injection  function 

e  at  the  storm  main  phase,  solar  wind  dynamic  pressure,  and  the  IMF 
magnitude  (B),  the  Dst  max  value  can  be  approximated  by  a  simple 
expression:  I  dst  max  I  *  43.6+7.6(1  Bz  max  I  _+  1.6  .  The  magnitudes 
obtained  by  means  of  this  regression  equatio  are  in  good  agreement  with 
Dst  max  magnitudes  observed  for  21  great  magnetic  storms  during  1966  - 
1988. 


Influence  of  the  Variation  of  some  Helio-geophysical  factors  on  Human  Health 

P.  K.  Ivanova,  Geophysical  institute,  Acad.  G.  Bonchev  str.,block  3,  Sofia  1113, 
Bulgaria,  E-mail:  pivanova@geophys.acad.bg  orgeophys@bgeam.acad.bg 

To  investigate  the  influence  of  the  variations  of  23  helio-geophysical  factors  on 
human  health  the  regression  analysis  is  used.  The  results  give  the  main  factors  acting 
on  the  human  health  and  add  there  effects.  The  main  result  show  that  30  percent  of  the 
hospitalized  patients  are  related  to  the  diurnal  variations  of  the  helio-geophysical 
factors.  The  variations  of  the  atmosphere  pressure,  the  temperature  and  the  wind  are 
dominant  factors.  The  changes  of  the  IMF  polarization  activate  11-31  percent  of  the 
analysed  cases.  Thes  phenomena  were  explaind  with  the  absence  of  the  Pc3  pulsations 
during  this  period. 


ENERGETIC  ELECTRON  PRECIPITATION  AS  A  SIGNATURE  OF 
COLD  PLASMA  STRUCTURE  NEAR  PLASMAPAUSE 

F.  Jiricek  (1),  K.  Kudela  (2),  J.  Smilauer  (1),  J.  Stetiarova  (2),  E.  Titova  (3) 

(1)  Institute  of  Atmos.  Physics,  Czech  Acad.  Sci,  Prague,  Czech  republic 

(2)  Institute  of  Exper.  Physics,  Slovak  Acad.  Sci.,  Kosice,  Slovakia 

(3)  Polar  Geophysical  Institute,  Kola  Scientific  Center,  Apatity,  Russia 
kkudela@kosice. upjs.sk/Fax:  ++42 1  -95-6336292 

The  influence  of  cold  plasma  structure  in  the  magnetosphere  on  energetic 
electron  precipitation  is  investigated  using  plasma  and  wave  measurements 
made  on  board  the  Intercosmos-24  satellite.  The  localized  energetic  electron 
precipitation  were  found,  related  to  electron  density  inhomogen ities  near 
plasmapause  in  the  evening  sector.  These  electron  precipitations  were 
observed  during  reconstruction  of  the  outer  plasmasphere  on  account  of 
enhanced  magnetic  activity.  The  spatial  coincidence  of  localised  electron 
precipitation  with  ELF/VLF  emissions  occurrence  or  there  intensification 
indicate  that  the  probable  precipitation  mechanism  is  the  cyclotron  wave- 
particle  interaction  in  the  region  of  enhanced  plasma  density.  This  ripe  of 
electron  precipitation  can  be  eventually  used  for  fine  cold  plasma  diagnostic 
of  outer  plasmasphere  in  the  evening  sector  during  the  magnetic  disturbance. 


THE  GEOMAGNETICAL  ACTIVITY  EFFECTS  IN  THE  GLOBAL  TIDAL 
STRUCTURE  OF  THE  THERMOSPHERIC  WIND 

I. V. Karpov  ,  T.A.  Glutschenko, 

West  departament  of  IZMIRAN,  Kaliningrad,  Russia. 
yk@izmiran.koenig.su/Fax:(7-0l  12)215606 

The  global  numerical  model  was  used  in  the  calculations  of  the  tides  and  mean  state 
thermosphere  by  the  different  amplitude  of  the  cross  polar  cup  potential  (CCP).  The 
latitude  dependence  of  the  mean  zonal  uniformity  wind,  the  amplitudes  and  phases  of 
the  zonal  harmonics  mean  wind,  solar  migrating  and  nonmigrating  diumai  and 
semidiurnal  tides  were  obtained  from  the  calculating  global  diumai  variations  of  the 
thermospheric  parameters  using  the  Fourier  transformation  technics.  The  results  of  the 
calculations  are  summarized  as  follows:  1.  The  zonal  uniformity  westward  wind 
increase  with  increasing  CCP  at  all  latitudes,  the  zonal  uniformity  equatorward  wind 
increase  at  the  high  latitude  only.  The  amplitudes  of  the  zonal  harmonics  with  m  =  1.2 
in  the  mean  wind  increase  with  increasing  CCP.  2.  The  diurnal  tide  perturbations 
localized  at  the  high  latitudes.  The  nonmigrating  tides  have  the  significant  contribution 
in  the  lower  thermosphere  diumai  tide.  The  nonmigrating  tides  amplitude  increase  with 
growth  the  CCP.  At  the  upper  thermosphere  the  diumai  tide  is  independent  on  the 
longitude.  3.  The  semidiurnal  tide  structure  is  determined  by  supperposition  of  the  solar 
and  nonmigrating  tides.  The  semidiurnal  wind  amplitude  decrease  in  the  lower 
thermosphere  with  increasing  the  CCP.  The  perturbations  of  the  nonmigrating  tides  are 
complex.  There  are  some  tides  with  the  increasing  and  decreasing  amplitudes. 
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SPATIAL  IRREGULARITIES  IN  THE  MID-LATITUDE  IONOSPHERIC 
STORM  REACTION  AND  ITS  THEORETICAL  MODELING 

N.  A  Kilifarska,  (Geophysical  Institute,  Bulgarian  Acad,  of  Sci,  3  Acad. 
G.Bonchev,  Sofia  1113,  Bulgaria),  e-mail:  natalka@geophys.acad.bg 

One  of  the  main  difficulties  in  modeling  the  ionospheric  reaction  on  the 
geomagnetic  disturbances  is  the  great  variability,  or  so  called  “irregularities" 
in  this  reaction,  depending  on  season,  local  time,  latitude,  longitude,  etc.. 
Additional  problem  in  treating  this  phenomenon  arises  from  the  fact  that 
during  magnetic  storms  the  quantity  of  ionospheric  data  strongly  decreases. 
So  the  standard  statistical  methods  become  unusable  to  describe  the  spatial 
distribution  of  ionospheric  parameters. 

We  suggest  a  qualitatively  different  approach  to  solve  this  problem  -  1 .  an 
hourly  values  of  foF2  and  hmF2,  calculated  by  an  “aeronomical"  ionospheric 
model  are  compared  with  the  measured  values  of  these  parameters;  2.  if  the 
differences  between  measured  and  calculated  values  become  significant,  a 
special  created  procedure  starts  that  allows  updating  the  input  aeronomical 
parameters  in  our  ionospheric  model  (vertical  plasma  drift  and  neutral 
composition);  3.  the  last  step  is  calculating  the  spatial  distribution  of  foF2  and 
hmF2  over  the  globe  (in  latitudinal  range:  35°-65°),  or  over  smaller  restricted 
area. 

Comparison  between  model's  spatial  distribution  over  the  area:  Lat=  (35^- 
65°),  Long={00-900)  and  Re-data  for  the  storm-time  period:  10-11  October 
1988  gives  very  hopeful  results. 


LOW  LATITUDE  ENHANCEMENTS  OF  EXOSPHERIC 
ATOMIC  HYDROGEN  COLUMN  ABUNDANCES  FOLLOWING 
GEOMAGNETIC  STORM  ONSET 
Robert  B.  Kerr,  J.  Noto  and  W.  J.  Schneller 
Scientific  Solutions  Inc.,  Medford  MA.,  02155  USA. 

Measurments  of  the  atomic  hydrogen  Balmer-alpha  (656.3  nm)  emission  at  the 
Arecibo  Observatory  reveal  that  two-fold  enhancements  of  the  atomic  hydrogen 
column  density  commonly  occur  following  magnetic  storm  onset.  Three-  indi¬ 
vidual  storms  are  studied,  and  each  are  correlated  with  approximately  twofold 
enhancements  of  the  H  column  abundance  following  within  48  hours  of  storm 
onset.  Precise  timing  is  difficult  to  discern  from  these  observations  that  are 
limited  to  the  nighttime.  Nevertheless,  the  detected  enhancements  can  not  be 
explained  by  simple  thermal  expansion  of  the  thermosphere,  which  accounts  for 
only  77c  -  15%  of  the  column  enhancement  during  the  storms.  Also,  the  twofold 
enhancements  we  measure  are  exactly  contrary  to  H  column  reductions  pre¬ 
dicted  by  MSIS-86.  We  conclude  that  the  measured  low  latitude  enhancement 
are  the  consequence  of  H  transported  to  Arecibo,  most  likely  meridionally  from 
higher  latitudes. 


EFFECTS  OF  THE  IONOSPHERIC  CONV  ECTION  ON  THE  NEUTRAL 
WINDS  IN  THE  LOWER  THERMOSPHERE 

Yu.N.Korenkov,  V.V.Klimenko,  F.S. Bessarab 
West  department  of  IZMIRAN,  Kaliningrad,  Russia, 
yk^izmiran.koenig.saTaxr^-Ol  12)  215606 

Numerical  calculations  of  the  thermospheric  and  ionospheric  parameters  at  the  altitude 
range  80-520  km  were  obtained  for  the  summer  solstice  and  high  solar  activity.  The 
Global  Self-Consistent  Model  of  the  Thermosphere,  Ionosphere  and  Protonosphere 
(GSM  TIP)  was  used.  The  numerical  results  were  obtained  with  a  self-consistent 
calculation  of  the  electric  fields  of  the  magnetospheric  and  dynamo  action  origin  for  the 
two  cases  associated  with  quiet  (Kp~0)  and  moderate  (Kp  -  3”)  geomagnetic 
conditions.  The  numerical  calculation  results  of  the  neutral  wind  system  at  the  120-140 
km  are  presented.  It  was  found  that  in  the  case  of  the  two-cell  shape  and  a  symmetric 
potential  drop  from  down  to  dusk  magnetospheric  convection,  associated  with  Kp  -  0 
( 10  kV)  wind  velocities  have  a  clear  diurnal  variation  and  mainly  zero  average  values 
on  the  time  at  the  ail  over  latitudes.  In  the  second  case,  associated  with  Kp  -  3+  (50  kV) 
the  two-cell  ionospheric  convection  pattern  was  shifted  to  the  midnight  sector.  It  are 
shown  that  space  variation  and  increasing  of  the  ionospheric  convection  causes 
initiation  of  the  semiduma!  variation  of  the  zonal  wind  component  at  the  high  latitudes, 
arising  of  the  westward  zonal  average  wind  at  the  high  and  middle  latitudes,  and 
doesn>t  practically  change  parameters  of  the  meridianal  wind  component.  The 
modification  of  the  wind  system  at  the  low  latitudes  are  small  under  the  study 
conditions. 


DYNAMICS  OF  THE  F-REGION  DISTURBANCES  DURING 
GEOMAGNETIC  STORMS 

I.  Kutiev,  P.  Muhtarov 

Geophysical  Institute,  Acad.  G.  Bonchev,  bl.  3,  Sofia  1113,  Bulgaria.  E- 
mail  ikutiev@geophys.acad.bg,  Fax:  (+359)  2  700  226. 

Data  from  three  meridional  chains  of  ionosondes  (Europe,  East  Asia  and 
Australia)  are  used  to  analyse  the  dynamics  of  F-region  disturbances  during 
geomagnetic  storms.  The  relative  to  medians  variations  of  foF2  are  used  to 
generate  Lat/UT  plots  for  every  meridional  chain.  These  plots  visualize  the 
time  development  of  ionospheric  disturbances  as  they  move  equatorward 
from  the  auroral  regions.  The  average  value  and  the  meridional  gradient  are 
found  to  represent  satisfactorily  the  latitudinal  shape  of  the  disturbances  at 
any  fixed  moment.  The  average  value  is  modelled  as  a  function  of  power 
index  or  Kp,  as  the  respective  constants  in  the  expression  are  obtained  by  a 
regression  fit  for  a  large  number  of  geomagnetic  storms  occurred  between 
1981  and  1995.  The  meridional  gradient  has  a  clearly  expressed  periodicity 
both  inside  and  outside  storms  and  it  is  analysed  statistically  to  reveal  its 
main  features.  Penetration  of  the  disturbances  to  mid-  and  low-latitudes  is  a 
seasonal  dependent.  The  plots  of  East  Asian  and  Australian  chains  show 
clearly  the  transequatorial  penetration  of  summer  disturbances  in  winter 
hemisphere. 


EFFECTS  OF  GEOMAGNETIC  STORMS  AND  ATMOSPHERIC 
PROCESSES 

I.Ya.Libin  (1,4),  J.Perez-Peraza  (2),  A.Jaani  (3). 

(1)  Institute  of  Terrestrial  magnetism.  Ionosphere  and  Radiowave  propagation, 
Troitsk,  (2)  Institute  of  Geophysica  UNAM,  Mexico,  (3)  Institute  of  Meteorologia. 
Tallinn,  (4)  TEMAX  Ltd.,  Moscow. 
iptimax@online.ru  Fax:  7(095)8835612 

It  is  assumed  that  geophysical  cycles  of  7-9,  15-17  and  33  days  can  occur. 
Many  of  these  cycles  and  shorter  ones  may  be  related  to  the  respective  solar  activity 
cycles;  for  instance,  the  27,  13-14,  9  or  6-7  days  cycles  can  be  found  in  all 
meteorological  indices  including  the  various  atmospheric  circulation  indices. 
Simular  cycles  are  also  observed  in  the  characteristics  of  the  Earth’s  magnetic  field 
disturbances.  The  6  and  9  days  rhythms  is  the  Earth’s  atmosphere  are  assumed  to 
be  relatedto  the  sectorial  structure  of  the  IMF.  The  9-day  period  corresponds  to  19 
sectors  with  three  geoactive  boundaries,  while  the  6-7  days  cycle  corresponds  to  29 
sectors  with  four  geoactive  boundaries. 

Thus,  the  occurence  of  common  “solar  rhythm’s”  in  athmospheric  processes 
and  in  geomagnetic  disturbunces  may  indicate  thqt  they  arise  from  a  common  solar 
cause  assosiated  with  the  sectoral  structure  of  the  IMF. 

Relationships  of  the  lower  atmosphere  with  the  IMF  and  with  solar  wind  were 
found  in  numerous  works.  The  sign  of  the  correlation  between  solar  wind 
velocityand  atmospheric  parameters  (pressure,  air  radiation,  temperature,  etc.) 
reverses  when  the  Earth  moves  from  one  IMF  sector  to  another. 


ON  THE  DIRECT  IMPACT  OF  THE  SOLAR  WIND 
DYNAMIC  PRESSURE  ON  THE  HIGH  -LATITUDE 
IONOSPHERE, THERMOSPHERE  AND  MIDDLE  ATMOSPHERE 

L.N.Makarova,  A.V.Shirochkov  (  Arctic  and 
Antarctic  Research  Institute, 

Saint  -  Petersburg,  199397,Russia) 

One  prominent  feature  of  the  global  magnetic 
storms  and  high-energy  corpuscular  events  was 
ignored  in  the  previous  studies  namely  enchanced 
solar  wind  dynamic  pressure.  We  present  the 
experimental  evidences  that  any  notable  rise  of 
the  solar  wind  dynamic  pressure  causes  the 
synchronous  disturbances  in  the  high-latitude 
ionosphere,  thermosphere  and  middle  atmosphere. 

We  checked  this  effect  on  various  experimental 
data.  We  have  found  that  the  following  parameters 
are  proportional  to  the  solar  wind  dynamic 
pressure:  daytime  maximum  of  ionization  in  the  F- 
region:  height  of  the  stratopause,  height  of  the 
maximum  stratospheric  ozone  density:  temperature 
of  lower  mesosphere  and  upper  stratosphere.  The 
effects  can  be  explained  in  the  framework  of  the 
modified  global  electric  circuit  with  the  Earth 
magnetosphere  magnetopause  as  an  external  element. 
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OBTAINING  THE  IONOSPHERIC  TOTAL  ELECTRON  CON¬ 
TENT  AT  REAL-TIME  UNDER  HIGH  GEOMAGNETIC  ACTIV¬ 
ITY  CONDITIONS 

M. Mar ti'nez- Garcia,  M. Hernandez- Pajares,  J.M.Juan  and  J.Sanz  (Research 
Group  of  Astronomy  and  Space  Geodesy.  Universitat  Politecnica  de  Catalunya. 
Barcelona,  Spain) 

Obtainig  information  at  real-time  about  the  ionospheric  total  electron  content 
(TEC)  under  high  geomagnetic  activity  conditions  is  the  purpose  of  this  paper. 
This  magnitude  has  been  estimated  using  the  dual-frecuericy  carrier  phases 
transmitted  by  the  Global  Positioning  System  (GPS)  satellites.  As  it  is  well 
known,  the  GPS  signals  provide  with  two  observables:  the  pseudorange  and 
the  more  precise  and  less  noisy  carrier  phase.  The  feature  of  this  work  is  the 
capability  to  observe  the  variations  of  the  TEC  during  a  geomagnetic  storm 
event  from  a  GPS  receiver  station.  For  this  purpose  it  has  been  necessary  to 
implement  algorithms  that  allow  to  detect  and  to  correct  the  phase  biases  by 
an  integer  number  of  wavelengths  at  the  same  time  that  the  data  is  gattered 
from  the  satellites.  Precedent  works  that  study  the  variations  of  the  TEC  in 
a  geomagnetic  storm  at  real-time,  use  differences  of  the  GPS  carrier  phase 
observations  separed  one  siderial  day  for  the  same  pair  of  station  and  satellite. 
The  advantage  of  the  presented  method  is  to  do  not  necessary  using  this  phase 
diferences  to  obtain  the  variations  of  the  integrated  electron  density  at  real¬ 
time.  In  this  work,  the  TEC  variability  during  the  January  1997  geomagnetic 
storm  event  has  been  estimated  from  a  dual- frequency  receiver  station. 


STRUCTURE  SPECTRUM  VARIATIONS  REGISTRATED  IN 
INTENSIVE  MAGNETIC  STORM 
European  Observatories  of  the  Middle  Geomagnetic  Latitude 
S.J.  Mihajlovic,  M.  Obradovic 

In  this  paper,  it  have  been  shown  the  results  of  spectral  analyze 
avriations  of  the  geomagnetic  field,  registrated  in  intensive  magnetic 
storm,  13.  March  1989,  on  European  observatories  of  the  middle 
geomagnetic  latitude.  It  has  been  shown  microstructure  of  short 
periodic  and  long  periodic  part  of  spectrum  variations,  then 
microstructure  D$t  and  D,  variations,  registrated  in  magnetic  storm 
13.  March  1989,  on  observatories  of  the  middle  geomagnetic  latitude. 
On  the  basis  of  results  of  this  analysis,  the  model  microstructure  of 
geomagnetic  field  variations,  registrated  in  intensive  magnetic  storm, 
has  been  done.  This  model  relates  on  observatories  of  the  middle 
geomagnetic  latitude. 

The  microstructure  spectrum  nonregular  D,  variations  models, 
registrated  in  intensive  magnetic  storm  13.  March  1989,  on  European 
observatories  of  the  middle  geomagnetic  latitude,  is  shown  on 
figure  1. 
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DIFFERENT  PHYSICAL  MECHANISMS  OF  STRONG  NEGATIVE 
F2-LAYER  STORM  EFFECTS  OBSERVED  WITH  EISCAT 

A.  Mikhailov  (1),  K.Schlegel  (2) 

(1)  Institute  for  Terrestrial  Magnetism,  Ionosphere  and  Radio-Wave 
Propagation.  Russia,  (2)  Max-PIanck-Institut  fur  Aeronomie,  Germany 
avm7 1  rc.ru 

Two  periods  of  EISCAT  observations  comprising  the  verv  disturbed  day  Apr 
03, 1992  and  Apr  10, 1990  were  analyzed  with  a  self-consistent  approach  to 
the  day-time  F-region  modeling.  The  NmF2  decrease  by  a  factor  of  6.4  on 
Apr  03  was  produced  by  enhanced  electric  field  (E  *85  mV/m)  and  strong 
downward  plasma  drift,  but  without  any  noticeable  changes  in  thermosphere 
parameters.  The  increase  of  the  0+  +  N2  reaction  rate  resulted  in  a  strong 
enrichment  of  the  ionosphere  with  molecular  ions  even  at  the  F2-layer  heights. 
The  enhanced  electric  field  produced  a  w  ide  midlatitude  day-time  trough  on 
Apr  03  w  hich  was  different  from  the  polarization  jet  events.  The  strong 
negative  storm  effect  on  Apr  10  with  a  complete  disappearance  of  the  F2- 
layer  maximum  was  attributed  mainly  to  changes  in  neutral  composition  and 
temperature.  The  calculated  perturbation  in  the  Tn(h)  profile  implies  strong 
cooling  of  the  low  er  thermosphere  w  hich  may  be  due  to  increased  nitric  oxide 
concentration. 


SOME  F2-LAYER  EFFECTS  DURING  JAN  06-11,  1997  CEDAR 
STORM  PERIOD  AS  OBSERVED  WITH  THE  MILLSTONE  HILL 
INCOHERENT  SCATTER  FACILITY 

A.  V.  Mikhailov  (1),  M.  Forster  (2)  and  J.  C.  Foster  (3) 

(1)  Institute  for  Terrestrial  Magnetism,  Ionosphere  and  Radio- Wave  Propa¬ 
gation,  Academy  of  Sciences,  142092  Troitsk,  Russia,  E-mail:  avm71@orc.ru, 

(2)  GeoForschungsZentrum  Potsdam,  PB  2.3,  Telegrafenberg,  14473  Potsdam, 
Germany,  E-mail:  mf@gfz-potsdam.de,  (3)  MIT  Haystack  Observatory,  Mill¬ 
stone  Hill,  Westford,  MA  01886,  USA,  E-mail:  jcf@hydra.haystack.edu. 

Daytime  negative  storm  effect  on  Jan  10,  strong  NmF2  night  time  increase 
on  Jan  7  and  8  followed  by  a  strong  Tt  decrease  down  to  Tn  are  discussed. 
Neutral  composition  and  Tn(h)  were  inferred  from  IS  observations  using  a  self- 
consistent  approach  to  F2-layer  modelling.  Observed  Te,  Ti}  and  Ne  profiles 
were  corrected  for  the  disturbed  day  using  the  calculated  ion  composition. 
Calculated  0/N2  ratio  at  hmF2  is  less  by  a  factor  of  3.7  than  MSIS  prediction 
for  Jan  10  and  is  close  to  MSIS  for  quiet  days.  Strong  NmF2  night  time  increase 
by  more  than  factor  of  3  is  due  to  observed  E  x  B  drift  (westward  E)  moving 
plasma  from  higher  L  shells  to  lower  ones  and  squeezing  it  into  F2-region. 
Moderate  (2.2  —  2.7)  x  1012  m_2s“l  fluxes  in  agreement  with  IS  observations 
were  shown  to  be  sufficient  to  account  for  the  night  time  NmF2  increase.  Such 
fluxes  are  much  less  than  usually  considered  about  1013  m“2s_1.  This  NmF2 
increase  is  the  main  reason  for  observed  Te  dropping  down  to  Tn  (about  680  K) 
as  it  follows  from  the  analysis  of  the  energy  equation. 


EFFECTS  OF  HIGH-ENERGY  ELECTRONS  DURING 
GEOMAGNETIC  STORM  IN  THE  IONOSPHERE  ON  LOW  L- 
SHELLS. 

Yu.V.  Miqeev  and  S.V.  Elizarov. 

Skobeltsyn  Institute  of  Nuclear  Physics,  Moscow  State  University 
mineev@srdlan.npi. msu.su/Fax:  095-939-50-34 

Dynamic  movement  of  high-energy  electrons  (spectral  measurement  of  electrons 
Ee~0.04-2.0  Mev)  on  various  L-shelis  into  the  Earth’s  ionosphere  from  satellites 
“Intercosmos- 19"  (500-1000  km)  and  “Cosmos- 1686"  (350-500  km)  data  is  shown 
during  several  strong  and  intermediate  magnetic  storms.  Basic  attention  is  paid  to 
the  particles  movement  at  on  low  altitudes  and  L-shells  (L=l.  1-1.5)  and  electrons 
precipitation  in  high  thermosphere  caused  by  pitch-angle  diffusion.  It  was  obtained 
that  during  the  magnetic  storm  main  phase  the  boundary  of  energetic  particle 
registration  shifts  towards  higher  latitudes  whereas  the  boundary  of  plasma 
registration  shifts  towards  lower  latitudes.  The  difference  between  dynamic  and 
existing  models  is  shown.  An  analytical  connection  for  particle,  wave  and  plasma 
parameters  for  various  phases  of  the  geomagnetic  storm  is  obtained.  Possible  t\pe$ 
of  the  wave-particle  interaction  during  various  storm  stages  were  found.  The  role  of 
high-energy  electrons  in  D-Iaver  ionisation,  winter  anomaly  and  others  processes  in 
the  thermosphere  and  middle  atmosphere  are  discussed. 


GEOMAGNETIC  STORMS  AND  TOTAL  OZONE 

P.  Mich  and  J.  La$tovi£ka 

Institute  of  Atmospheric  Physics,  Prague 

jIa@ufa.cas.cz/Fax:  +420-2-7 1 762528 

Geomagnetic  storms  are  supposed  to  affect  the  whole 
ionosphere-atmosphere  system,  at  least  at  high  and  higher- 
middle  latitudes.  A  brief  review  of  effects  of  strong  geomagnetic 
storms  on  total  ozone  content  is  presented  with  a  special 
emphasis  paid  to  effects  observed  near  the  latitudinal  circle  of 
SON.  At  these  latitudes,  significant  effects  of  geomagnetic 
storms  on  total  ozone  have  been  observed  only  in  winter,  very 
weak  and  statistically  insignificant  effects  near  equinoxes  and 
no  effects  in  summer.  The  effects  have  been  significant  only  for 
strong  storms,  Ap  >  40  or  better  60,  and  only  under  very  specific 
conditions  -  high  solar  activity  and  the  east  phase  of  QBO.  The 
observed  effects  consist  in  redistribution,  being  best-developed 
in  European  sector  and  invisible  in  latitudinal  average  values. 
They  are  qualitatively  consistent  with  observed  geomagnetic- 
storm  related  changes  in  atmospheric  circulation. 
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NUMERICAL  MODELING  OF  THE  EARTH’S  UPPER  ATMO¬ 
SPHERE  DURING  A  GEOMAGNETIC  STORM 

A.  A.  Namgaladze  (1),  R.  Yu.  Yurik  (1)  and  M.  Forster  (2) 

(1)  Polar  Geophysical  Institute  of  the  Kola  Science  Centre  RAN,  Murmansk, 
Russia,  (2)  GeoForschungsZentrum,  PB  2.3,  Potsdam,  Germany. 

To  test  various  hypotheses  about  positive  ionospheric  storm  development,  we 
performed  numerical  simulations  for  the  magnetic  storm  of  24-27  January 
1974  to  obtain  the  global  pattern  of  the  thermospheric  and  ionospheric  ef¬ 
fects  of  this  magnetic  storm.  The  global  self-consistent  numerical  model  of  the 
thermosphere-ionosphere-magnetosphere  system  has  been  used  in  this  inves¬ 
tigation.  The  model  calculates  thermospheric,  ionospheric  and  magnetospheric 
plasma  sheet  parameters  as  well  as  electric  fields  both  of  the  magnetospheric 
and  thermospheric  dynamo  origin.  The  results  of  the  numerical  simulation  of 
the  neutral  composition  changes  agree  in  general  with  observations  of  the  AE-C 
satellite  and  with  the  MSISE90  model.  Although  the  ratio  [N2]/[0]  in  storm 
maximum  increases  more  than  by  factor  6  in  comparison  with  the  quiet  level  at 
high  latitudes,  at  low  latitudes  it  does  not  decrease  (at  fixed  altitudes)  below 
the  quiet  level.  Meanwhile,  the  ionospheric  storm  is  positive  at  low  latitudes. 
Thus  we  can  conclude  that  the  positive  phase  of  the  ionospheric  storm  is  created 
by  thermospheric  winds  which  cause  an  upwelling  of  the  ionospheric  F2-region 
plasma  at  mid-latitudes  along  the  geomagnetic  field  lines  to  the  heights  where 
the  ion  loss  rate  is  lower  and  at  low  latitudes  this  enhanced  plasma  is  moved 
equatorwards  by  the  oppositely  directed  thermospheric  winds  blowing  from  the 
northern  and  southern  high  latitudes. 


COMPARISON  OF  MODELS  AND  DATA  AT  MILLSTONE  HILL  DURING 
THE  JUNE  5-11,  1991,  STORM 

A.V.Pavlov  (Institute  of  Terrestrial  Magnetism,  Ionosphere  and  Radio-Wave 
Propagation,  Russia  Academy  of  Science,  Troitsk,  Moscow  Region,  142092, 
Russia),  M.  J.  Buonsanto,  A.  C.  Schlesier  (Haystack  Observatory,  Massachusetts 
Institute  of  Technology,  Westford,  MA  01886),  P.  G.  Richards  (Computer  Science 
Department  and  Center  for  Space  Plasma  and  Aeronomic  Research,  University  of 
Alabama,  Huntsville,  AL  35899) 

We  compare  measurements  of  the  ionospheric  F  region  at  Millstone  Hill  during  the 
magnetic  storm  of  June  5- 11,  1991  with  results  from  the  IZMIRAN  and  FLIP  time- 
dependent  mathematical  models  of  the  Earth's  ionosphere  and  plasmasphere,  and  the 
Millstone  Hill  semi-empirical  (MH)  model  of  the  ionosphere.  New  rate  coefficients 
from  recent  laboratory  measurements  of  the  0+  +  N2  and  Cf  +  02  loss  rates  are 
included  in  the  IZMIRAN  and  MH  models.  The  laboratory  measurements  show  that 
vibrationally  excited  N,(v)  and  0,(v)  are  both  important  at  high  temperatures  such 
as  found  in  the  thermosphere  during  disturbed  conditions  at  summer  solar 
maximum.  All  3  models  reproduce  major  features  of  the  data  but  none  of  them 
reproduce  the  observed  day  to  day  variability  without  modifying  the  MSIS  neutral 
atmosphere.  The  increase  in  the  O'  +  N2  loss  rate  due  to  N2(v)  results  in  a  factor  -  2 
reduction  in  the  daytime  F2  peak  electron  density.  On  some  days  inclusion  of  N2(v) 
improves  the  agreement  between  the  models  and  the  data,  and  on  other  days  it 
worsens  it.  We  show  for  the  first  time  that  the  increase  in  the  0+  +  02  loss  rate  due 
to  0,(v)  leads  to  the  decrease  of  the  calculated  daytime  NmF2  up  to  a  factor  of  1 .4. 


THE  ROLE  OF  VIBRATIONALLY  EXCITED  OXYGEN  AND  NITROGEN  IN 
THE  IONOSPHERE  DURING  THE  UNDISTURBED  AND  GEOMAGNETIC 
STORM  PERIOD  OF  6-12  APRIL  1990 

A.V.Pavlov  (Institute  of  Terrestrial  Magnetism,  Ionosphere  and  Radio-Wave 
Propagation,  Russia  Academy  of  Science,  Troitsk,  Moscow  Region,  142092, 
Russia) 

The  comparison  the  observed  behavior  of  the  F  region  ionosphere  over  Millstone 
Hill  during  the  geomagnetically  quiet  and  storm  period  on  April  6-12,  1990  with 
numerical  model  calculations  from  the  IZMIRAN  time-dependent  mathematical 
model  of  the  Earth's  ionosphere  and  plasmasphere  is  presented.  We  use  the  new  loss 
rate  of  0+(*s)  ions  as  a  result  of  the  new  measurements  of  the  rate  coefficients  for 
the  reactions  of  0+(*S)  with  N2  and  O,  (Hierl  et  ai,  J.  Chem.  Phys.  106,  3540-3544, 
1997).  It  was  found  that  the  non-Boltzmann  distribution  of  02  (v)  and  the  difference 
between  ion  and  neutral  temperatures  can  lead  to  the  increase  of  the  calculated 
NmF2  only  up  to  5  %.  The  IZMIRAN  model  reproduces  major  features  of  the  data. 
The  inclusion  of  vibrationally  excited  N2  (v)  and  02  (v)  in  the  calculations  improves 
the  agreement  between  the  calculated  NmF2  and  the  data  on  April  6,9,10.  NmF2  are 
reproduced  by  the  IZMIRAN  model  without  N2  (v)  and  02  (v)  on  April  8  an  11 
better  than  those  with  N2  (v)  and  02  (v).  The  increase  in  the  O'  +  N2  rate  factor  due 
to  N2  (v)  produces  the  5-41  %  decrease  in  the  calculated  daytime  NmF2.  The 
increase  in  the  Cf  +  O,  loss  rate  due  to  02  (v)  produces  8-33  %  reductions  in  NmF2. 
To  reproduce  the  anomalous  electron  density  event  on  April  10  with  hmF2<200  km 
the  MSIS-86  atomic  oxygen  density  was  decreased  by  a  factor  of  1 .8. 


RECURRENT  GEOMAGNETIC  ACTIVITY  AND  THE  WARM¬ 
ING  IN  ST.PETERSBURG 
D.  I.  Ponyavin 

Institute  of  Physics,  University  of  St. Petersburg,  198904,  Russia. 

ponyavinOsnoopy.phys.apbu.ru 

Sunspot,  geomagnetic  activity  and  the  air  surface  temperature  variations 
recorded  in  St.Petersburg  since  1775  have  been  analyzed.  A  locai  cooling  dur¬ 
ing  the  Dalton  minimum  was  observed.  A  trend  was  derived  from  the  data  set, 
which  shows  a  warming  tendency  beginning  the  50s  of  19th  century.  Temper¬ 
ature  variation  analysis  shows  also  that  the  main  warming  is  mainly  due  to  a 
warming  in  winter  when  the  solar-wind  effect  is  more  obvious  in  the  Northern 
Hemisphere.  The  highest  level  of  geomagnetic  activity  resulting  from  disturbed 
solar  wind  and  interplanetary  magnetic  field  conditions  was  associated  with 
the  warming  in  winter.  The  warming  tendency  was  accompanied  by  increasing 
rate  in  solar  wind  streams  just  occurred  near  the  Earth’s  orbit.  Space  weather 
conditions  that  cause  extremely  low  temperature  in  winter  were  analyzed  and 
discussed.  A  cold  winter  scenario  in  St.Petersburg  in  late  of  1997-1998  was 
predicted. 


IONOSPHERIC  STORMS:  OUTSTANDING  PROBLEMS 

G.  W.  Prolss  „  ,  ... 

Institut  fur  Astrophysik  und  Ext  rater  rest  rische  Forschung.  Lniversitat  Bonn. 

kschrueffiastro.uni-bonn.de 

Seventy  years  after  theircliscovery,  ionospheric  storms  remain  a  most  fascinat¬ 
ing  and  challenging  topic  of  upper  atmospheric  physics  since  so  many  aspects  of 
this  striking  phenomenon  are  still  incompletely  documented  and  understood. 
One  point  which  has  to  be  clarified,  for  example,  is  the  significance  of  elec¬ 
tric  fields  and  traveling  atmospheric  disturbances  in  explaining  short-duration 
ionospheric  storm  effects  at  middle  latitudes.  Another  problem  area  is  the  im¬ 
portance  of  vibrationally-excited  molecular  nitrogen  in  causing  negative  iono¬ 
spheric  storm  effects.  Also,  with  regards  to  modeling  ionospheric  storm  effects, 
why  do  present-day  general  circulation  models  overestimate  the  increase  in  the 
0/N2  density  ratio  and  the  attendant  positive  ionospheric  storm  effects  and, 
at  the  same  time,  underestimate  the  decrease  in  the  0/N2  density  ratio  and 
the  attendant  negative  ionospheric  storm  effects?  Here  we  review  some  of  the 
more  recent  publications  relevant  to  these  problem  areas. 


CHANGES  OF  SCHUMANN  -  RESONANCE  PARAMETERS 
DURING  HIGH  ENERGY  SOLAR  PARTICLE  EVENTS 

K.  Schlegel  (1)  and  M.  Fullekrug  (2) 

(1)  Max-Planck-lnstitut  fur  Aeronomie,  (2)  institut  fur  Geophysik,  Universitat 

Frankfurt  a.  Main 

schlegel@linmpi.mpg.de 

Schumann  resonances  (SR)  are  electromagnetic  waves  propagating  in  the 
earth  -  ionosphere  wave  guide  with  wavelengths  being  an  integer  multiple  of 
the  earth's  circumference.  Their  amplitude  depends  mainly  on  the  global 
thunderstorm  activity,  their  exact  frequency  on  parameters  of  the  wave 
guide.  High  energy  (MeV)  solar  electrons  and  protons  cause  additional 
ionization  at  the  lower  border  of  the  ionosphere  and  in  the  mesosphere  and 
even  in  the  stratosphere,  modifying  the  electric  properties  of  the  wave 
guide.  Changes  in  the  SR  frequency  have  been  studied  systematically 
during  events  of  solar  energetic  electron  (SEE)  and  solar  energetic  proton 
(SEP)  precipitation.  We  used  mainly  data  from  the  station  Arrival  Heights  in 
Antarctica,  because  these  data  are  least  affected  by  natural  and 
anthropogenic  electromagnetic  interference.  Although  the  frequency 
changes  are  only  of  the  order  of  1/10  Hz  they  can  be  clearly  identified.  The 
results  are  presented  and  explained  in  terms  of  the  current  SR  theories,  and 
their  implications  for  the  global  electrodynamics  is  discussed. 
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THE  SOLAR  PROTON  EVENTS  AS  AN  ESSENTIAL  FACTOR  IN  THE 
SOLAR  -  TERRESTRIAL  PHYSICS 

A.V.Shirochkov,  L.N.Makarova  (  Arctic  and  Antarctic  Research  Institute,  Saint  - 
Petersburg,  1 99397,Russia) 

The  current  level  of  knowledge  of  the  magnetospheric,  ionospheric  and  atmospheric 
effects  produced  during  the  solar  proton  events  (SPE)  is  reviewed.  The  SPE  signature 
in  the  ionosphere  is  so  called  polar  cap  absorption  events  (PCA)  which  produced 
damaging  effects  on  the  radiocommunication,  navigation  and  survelliance  systems. 
The  global  geomagnetic  storms  which  often  are  the  components  of  the  SPE  can 
produce  severe  damaging  effects  on  the  different  technological  systems.  Besides  that 
the  SPE's  produce  significant  effects  in  the  polar  mesosphere  and  stratosphere 
especially  in  the  ozone  layer.  Experimental  evidences  of  these  effects  as  well  as  of  the 
pure  ionospheric  and  atmospheric  phenomena  are  presented. 


FIRST  RESULTS  FOR  OZONE  VARIATIONS  DUE  TO  SOLAR 
PROTON  EVENT  DURING  19  OCTOBER  1989 

Y.K.Tassev,  T.K.Yanev,  P  LY.  Velinov  and  L.N.Mateev 

Central  SoUr-Terrestrial  Influences  Laboratory,  Bulgarian  Academy  of 

Sciences,  Acad.G.Bonchev  Str.,  Block  3,  Sofia  1113,  Bulgaria 

It  is  assumed  that  by  penetration  of  solar  cosmic  rays  (SCR)  into  the  middle 
atmosphere  the  ozone  is  destructed.  However  we  suppose  that  at  certain 
altitudes  ozone  can  be  created  as  a  result  of  chain  ion  reactions  taking  part  in 
the  stratosphere.  In  this  investigation  satellite  data  for  ozone  density  in  the 
atmosphere  during  SCR  on  19  October  1989  were  used.  The  values  of  ozone 
concentration  (partial  pressure)  were  taken  from  profiles  of  the  following 
heights:  25.5  km,  24.5  km,  23.5  km,  19.5  km,  18.5  km  and  11.5  km.  The 
orbits  of  the  satellites  passed  latitudes  from  30°  to  90°  N  and  longitudes  from 
20°  to  40°  E.  Data  for  the  high  energy  protons  were  taken  from  Solar 
Geophysical  Data  -  Boulder,  Colorado.  Cosmic  ray  measurements  obtained 
from  the  neutral  monitor  in  Kiel,  Germany  were  utilized  also.  The  influence  of 
solar  protons  from  seven  energetic  intrervals  from  4.2  MeV  till  850  MeV 
were  studied.  As  a  result  of  cross  correlation  analysis  direct  cause-effect 
relationships  between  ozone  creation  and  SCR  at  heights  18.5-19.5  km  have 
been  obtained.  These  heights  are  situated  near  to  the  Pfotzer  maximum  due  to 
the  galactic  cosmic  rays. 
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CONTRIBUTION  OF  ENERGETIC  PARTICLE  PRECIPITA¬ 
TION  TO  THE  SUBAURORAL  3D  CURRENT  SYSTEM  AND 
POLARISATION  JET 

V.  Y.  Trakhtengerts 

Institute  of  Applied  Physics,  46  Ulyanov  st.,  603600  Nizhny  Novgorod,  Russia. 
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Energetic  particle  injections  during  magnetic  storms  lead  to  formation  of  asym¬ 
metric  part  of  the  ring  current  (RC)  and  of  specific  zones  of  field-aligned  cur¬ 
rents  localized  near  the  plasmapause  and  detached  plasma  regions  which  appear 
in  process  of  the  plasmasphere  erosion.  These  field- aligned  currents  are  due  to 
energetic  particle  precipitation  caused  by  wave-particle  interactions.  Together 
with  induced  currents  of  cold  plasma,  the  currents  of  hot  particles  form  3D 
current  system  in  the  subauroral  magnetosphere  and  ionosphere.  The  magne¬ 
tospheric  Hall  conductivity  plays  an  important  role  in  formation  of  this  system, 
leading  to  generation  of  the  ionospheric  northward  electric  field  located  at  the 
ionospheric  projection  of  RC.  This  electric  field  increases  with  growth  of  RC 
intensity  and  reaches  the  saturation  value  determined  by  the  energy  of  RC 
ions  and  can  explain  the  structure  and  value  of  the  electric  field  observed  in 
the  polarisation  jet.  The  3D  current  system  provides  not  only  transfer  of  the 
electric  charge  but  also  mass  transfer,  accumulating  cold  plasma  in  two  con¬ 
tact  regions  of  RC  with  plasmasphere  located  in  the  morning  side  and  in  the 
eveningside  bulge.  Between  these  regions,  in  the  night  side,  an  impoverishment 
of  the  ionospheric  plasma  density  takes  place. 


IONOSPHERIC  RESPONSE  TO  GEOMAGNETIC  STORM 
DURING  10-11  JANUARY  1997  DUE  TO  CORONAL  MASS 
EJECTION  (CME)  ON  THE  SUN 

PLY.  Velinov  (1),  C.W.  Spassov  (2)  and  L.N.  Mateev  (1) 

(1)  Central  Solar-Terrestrial  Influences  Laboratory,  Bulgarian 
Academy  of  Sciences,  Sofia,  (2)  Geophysical  Institute,  Sofia,  Bulgaria 

Due  to  the  satellite  observations  in  the  last  years  were  discovered  a 
new  class  of  solar  phenomena  -  Coronal  Mass  Ejection  (CME),  which 
has  the  necessary  physical  parameters  to  cause  geomagnetic  storms 
with  SSC.  On  6  th  January  1997  with  the  satellite  SOHO  was 
observed  such  CME  event.  This  mass  reached  the  Earth  environment 
on  10-11  January  1997  and  caused  geomagnetic  storm,  which  was 
registrated  from  ground  based  stations  and  international  STP  satellites 
SOHO  and  INTERBALL-1.  The  latter  measured  compression  of  the 
magnetosphere  with  7  RE  (RE  -  radius  of  the  Earth).  The  geomagnetic 
storm  on  10-11  January  caused  significant  effect  on  the  ionosphere 
and  middle  atmosphere.  In  the  paper  are  analyzed  results  from 
ionospheric  observatory  Sofia  in  the  investigated  period:  variations  of 
ionospheric  critical  frequencies  and  heights,  minimum  reflection 
frequency  and  limiting  frequency  of  the  sporadic  E  -  layer  (E$) 


COMPARISON  BETWEEN  IRI  AND  GPS-IGS  DERIVED  ELEC¬ 
TRON  CONTENT  DURING  1991-97:  FIRST  RESULTS 

D.  Bilitza  (1),  M.  Hernandez-Pajares  (1,2),  J.M.  Juan  (1,2)  and  J.  Sanz  (2) 

(1)  NASA  Goddard  Space  Flight  Center,  C.632,  Greenbelt,  MD-20771,  USA, 

(2)  Universitat  Politecnica  de  Catalunya,  Jordi  Girona  1-3,  Mod.  C-3  /  B-4. 
Campus  Nord,  08034-Barcelona,  Spain. 
manuelOmat.upc.es/Fax:  [34]-3-40 1-6029 

The  existence  of  a  permanent  network  of  GPS  ground  receivers,  the  Interna¬ 
tional  GPS  Service  (IGS),  operating  since  1991,  allows  to  perform  an  exhaus¬ 
tive  comparison  of  the  global  electron  content  derived  from  these  data  using 
tomographic  models  (Juan  et  al.  1997.  Geopkys.  Res.  Lett.,  24.  393-396  and 
Hernandez-Pajares  et  al.  1997,  Radio  Sci.,  32.  1081-1090)  with  the  Interna¬ 
tional  Reference  Ionosphere  predictions  (IRI,  Bilitza  1990,International  Ref¬ 
erence  Ionosphere  1990,  URSI/COSPAR,  NSSDC/YVDC-A-R&S  90-22).  This 
work  will  allow  the  IRI  upgrading  for  the  electron  content  forecast,  using  this 
data  set  at  global  scale  and  along  half  solar  cycle. 

In  this  contribution  we  are  going  to  present  the  status  at  this  time  of  such 
comparison  that  involves  more  than  20  Gigabytes  of  GPS  data  between  1991 
(~30  stations)  and  presently  (more  than  200  stations). 
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IMPROVEMENTS  IN  TARGET  RANGING  BY  HF  RADAR  USING 
THE  EUROPEAN  IONOSPHERIC  MODEL  PRIME 

A.  Bourdillon  (1),  G.  De  Franceschi  (2),  B.  Zolesi  (2)  and  Y.  Le  Roux  (3) 

(1)  Structures  Rayonnantes,  UPRESA  6075,  Universite  de  Rennes,  (2) 
Istituto  Nazionale  di  Geofisica,  Rome,  (3),  DMR/TSI,  France-Telecom, 
CNET  Lannion 

bourdil@univ-rennesl.fr/Fax  33  2  99  28  16  59 

Target  ranging  by  HF  radar  can  be  done  by  correcting  the  group  path  of 
target  echoes  for  the  delay  due  to  the  propagation  through  the  ionosphere.  One 
possibility  is  to  simulate  the  propagation  by  ray-tracing  but  in  this  case  the 
final  accuracy  obtained  in  target  registration  depends  mainly  on  the  quality  of 
the  ionospheric  model  used  to  ray-trace.  In  our  study,  we  used  the  PRIME 
ionospheric  model  to  perform  ray-tracing  on  a  950  km  path,  between  Toulon 
and  Lannion,  in  France,  for  which  oblique  soundings  data  from  the  SCIPION 
sounder  are  available  in  december  1991.  The  ray-tracings  were  performed  by 
using  the  vertical  profiles  of  electron  density  at  five  points  along  the  path.  The 
profiles  were  obtained  by  the  monthly  median  and  by  the  instantaneous 
mapping  procedures.  For  comparaison  purposes,  we  also  used  the  vertical 
profiles  obtained  by  the  IRI  instantaneous  mapping.  We  present  the  results  of 
this  study  and  we  discuss  the  accuracy  in  target  ranging  obtained  for  the 
conditions  of  the  simulations. 


Latitudinal  dependence  of  Total  Electron  Content  evaluated  by  GPS  and  NNSS 
observations  at  middle  latitudes. 

L.Ctraolo,  P.  Spalla 

Istituto  di  Ricerca  sulle  Onde  Elettromagnetiche  "Nello  Carrara”,  Firenze, 

Italy,  spalla@  iroe.fi.cnr.it,  fax  +39  55  410893 

The  analysis  to  evaluate  vertical  TEC  from  GPS  provides  continuous  estimates  of  its 
latitudinal  slope.  NNSS  obseivations  provide  much  more  reliable  values  of  the 
latitudinal  dependence,  but  sparse  in  space  and  time;  this  implies  difficulties  in  TEC 
modelling.  The  availability  of  many  years  of  contemporaneous  GPS  and  NNSS 
measurements  gives  the  chance  to  compare  directly  the  two  sets  of  latitudinal 
dependences.  Statistics  of  this  comparison  will  be  presented,  aiming  specifically  to 
evaluate  the  accuracy  of  the  GPS  estimates. 


POSSIBLE  USE  OF  THE  LOCAPI  IONOSPHERIC  PREDICTION 
SOFTWARE  TO  DIGITAL  COMMUNICATIONS 


THE  EVALUATION  ERRORS  OF  IONOSPHERIC  PLASMA  MOVEMENTS 
VELOCITY  FROM  THE  VERTICAL  HF  DOPPLER  DIAGNOSTICS 


C.  Brousseau,  P.  Parion  and  L.  Bertel 

Laboratoire  Structures  Rayonnantes/Radiocommunications,  UPRES-A  6075, 
Universite  de  Rennes  1,  Campus  de  Beaulieu,  35042,  Rennes  Cedex,  France. 


The  LOCAPI  ionospheric  propagation  software,  developed  by  the  University  of 
Rennes  1,  uses  the  quasi-parabolic  expression  of  electron  density  profile  fitted  by 
eight  quasi -parabolic  layers.  Its  inputs  are:  date,  frequency,  transmitting  and 
receiving  locations,  and  solar  index.  An  original  fast  and  accurate  algorithm 
determines  the  output  parameters  :  MUF,  occupation  LUF,  elevation  angles,  group 
delays,  pathloss  for  an  important  range  of  possible  propagation  O  and  X  modes.  The 
application  of  this  software  to  adaptive  digital  communications  requires  a  vectorial 
representation  of  the  propagation  channel,  a  Doppler  frequency  shift  and  a  noise 
random  models,  which  are  added  to  the  deterministic  parameters  calculated  by 
LOCAPI.  The  channel  representation  can  be  written  as  : 


where  N  is  the  number  of  paths,  the  polarization  term,  and  the  group 

and  phase  delays.  f0  and  f^,  the  transmitted  and  Doppler  frequencies.  This 
formalism  can  be  used  to  improve  the  design  of  digital  receivers,  even  better  if  the 
polarization  and  antennas  effects  are  taken  into  account. 


P.  Denisenko,  G.  Kuleshov,  D.  Noranovitch 
Rostov  on  Don  State  University 
denis@iphis.md.ninnet.ru/Fax:  +007-8632-285044 

The  measurements  of  Doppler  versus  frequency  dependence  ft(f )  from  the  vertical 
ionospheric  sounding  allow  a  calculation  of  plasma  movements  velocity  v  height 
profiles.  The  calculation  of  v  is  based  on  the  inversion  of  Volterra  first  kind  integral 
equation.  This  yields  in  the  linear  dependence  law  of  velocity  from  derivative 

dfj/df  :  v(f p )  =  |  K(fp  ,f)(dG/df)df,  where  fp  is  a  plasma  frequency.  f0  a  plasma 

r. 

frequency  at  the  base  of  a  layer,  K(fp,f)  a  certain  kernel.  A  velocity'  dispersion 

er:  (v)  can  be  written:  c2 (v)  =  J  J K(fp  ,fj  )K(fp  ,f2)-  ~ dfjdfj ,  where  B  - 
uu  1  2 

autocorrelation  function  of  Doppler  shift  measurement  errors.  Results  of  the  F  -  layer 
sounding  with  ordinary'  component  cr '  (v)  study  are  reported.  It  is  concluded  that  v 
diagnostics  errors  are  of  maximum  value  at  magnetic  the  equator  and  of  minimum  at 
the  poles.  The  ratio  of  these  values  is  two.  The  Doppler  shift  measurement  errors  of 
0.01  Hz  lead  to  the  velocity'  evaluation  errors  of  several  meters  per  second. 


NOSTRADAMUS  SKYWAVE  RADAR  :  A  360  IONOSPHERIC 
SOUNDER 

Emmanuel  Brun  (1),  Stephane  Saillant  (2) 

(1)  THOMSON-CSF  AIRSYS,  Bagneux,  France,  (2)  ONERA, 
Palaiseau,  France 

saillant@oncra.fr  /  Fax  :  00  33  1  69  93  62  69 

The  ONERA  is  conducting,  in  collaboration  with  THOMSON-CSF 
AIRSYS,  the  realization  of  the  NOSTRADAMUS  french  skywave 
radar.  This  project,  sponsored  by  the  SPAe  from  the  DGA  (Ministry 
Of  Defence),  is  based  on  a  new  concept  of  Over-The-Horizon  radar. 
Definition  studies  with  the  LETTI,  have  led  the  ONERA  to  built  a 
monostatic  surface  array  radar.  Such  a  structure  allows  a  360  degrees 
coverage  and  the  focalization  in  elevation.  The  main  mission  of  the 
radar  is  to  detect  and  to  localize  targets  over  the  horizon.  But  the 
system  is  also  used  for  the  soundings  of  the  ionosphere  to  manage  the 
radar  operating  frequencies.  So,  NOSTRADAMUS  is  used  like  a 
measurement  tool  to  characterize  the  ionosphere  and  establish 
propagation  modelling.  New  sounding  techniques,  using  the  elevation 
information  and  the  360  degrees  scanning,  have  been  developpcd  for 
the  frequency  management. 


THE  DETERMINATION  OF  ATTENUATION  OF  HF  RADIO  WAVES 
CAUSED  BY  THE  RANDOM  ELECTRON  DENSITY  IRREGULARITIES 
FROM  VERTICAL  SOUNDING 

P.  Denisenko.  G.  Kuleshov,  A.  Skazik 

Rostov  on  Don  State  University 

Denis@iphis.  md.mnnet.ru/Fax:  +007-8632-285044 

A  coherent  component  attenuation  caused  by  scattering  on  the  random  irregularities 
of  electron  density  can  be  evaluated  from  the  relation  p2  =  I#/I,  of  the  coherent 
I0  component  to  the  scattered  I,  one.  The  dependence  of  attenuation  from 
frequency  is  used  to  determinate  the  irregularities  spectrum.  A  common  way  to 
estimate  the  value  of  p2  is  to  study  the  amplitude  distribution  law  of  a  vertically 
reflected  from  ionosphere  signal.  At  present  there  are  two  amplitude  distribution 
models  leading  to  a  significant  difference  in  P'  values.  The  first  giving  values  of 
p2  >  1  implies  that  scattering  is  taking  place  near  the  reflection  level.  The  second 
implies  scattering  alone  the  whole  propagation  path  and  gives  the  values  of  p2  >  1 
A  new  approach  that  does  not  require  the  know  ledge  of  the  amplitude  distribution 
law  is  proposed.  It  is  based  on  quadrature  signal  components  measurements.  The 
approach  allows  evaluating  not  only  p2  but  also  the  Doppler  frequency'  shift  and 
the  polarization  ellipse  of  signal  characteristics.  The  statistical  modeling  shows  that 
the  greater  p2  is  the  smaller  the  errors  are. 
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THE  EMPERICAL  MODEL  OF  EFFECTIVE  ELECTRON  COLLISION 
FREQUENCY  FOR  MID  LATITUDE  IONOSPHERE 

P.  Denisenko.  Yu.  Faer,  V.  Sotsky,  V.  Vodolazkin 
Rostov  on  Don  State  University 
dems@iphis.md.ninnet.ru/Fax:  +007-8632-285044 

A  midlatitude  ionosphere  Empirical  Model  of  the  Effective  Electron  Collision 
Frequency  (EMEECF)  is  proposed.  It  is  based  on  the  multiffequency  vertical 
incidence  ordinary  and  extraordinary'  waves  ionospheric  absorption  observations  near 
Rostov  on  Don,  Russia  (47°  13'  V,  39°  14'  E ) .  The  EMEECF  describes  the 
seasonal  daytime  variations  in  height  range  of  100  to  200  km,  two  levels  of  solar 
activity. .  104  measurement  sessions  in  1973  and  392  in  1988  were  used. 

The  observed  effective  electron  collision  frequency  values  from  the  E  -  layer 
coincide  with  the  gas  kinetics  predictions,  while  those  from  the  F  -  layer  exceed  the 
later.  The  seasonal  dependence  changes  the  behavior  and  the  discrepancies  become 
greater  with  the  solar  activity  growth. 

The  electron  concentration  irregularities  caused  scattering  and  an  anomalous  o  - 
component  absorption  account  for  an  additional  noncollision  radio  waves  attenuation 
leading  to  the  theoretical  and  experimental  results  discrepancy  Observed  o  - 
component  effective  electron  collision  frequency  values  are  2  times  greater  than  x  - 
component  ones.  The  maximum  ratio  of  values  obtained  with  experiment  to  gas 
kinetics  values  is  20.  The  model  is  useful  in  planning  vertical  sounding  of  the 
ionosphere  experiments. 


NON-MOMOTONE  N(h)-PROFILES  RECONSTRUCTION  FROM 
VERYICAL  SOUNDING  IONOGRAMS  BY  THE  METHOD  OF 
REGULARIZATION 

P.F.  Denisenko,  N.V.  Nastasvina 

Institute  of  Physics,  Rostov  State  University,  194  Stachky  ave.,  344104, 
Rostov-on-Don,  Russia,  denis@iphys. md.runnet.ru  Fax:  +7  8632  285044 

The  calculation  of  non-monotone  height  dependencies  of  electron  density, 
N(h)-profiIes,  from  the  vertical  sounding  ionograms  is  an  inverse  ill-posed 
problem  which  needs  a  special  algorithms  of  regularization  for  obtaining  of 
solution.  In  present  paper  one  of  the  possible  methods  of  regularization  is 
considered. 

Valley  is  described  by  the  three  parameters.  Both  traces  of  ionogram  are  used. 
The  problem  have  been  solved  in  two  stages.  At  the  first  stage  N(h)-profile  is 
obtained  by  least-squares  method  (LSM).  This  solution  is  used  at  the  second 
stage  for  search  of  regularization  parameter  and  for  determination  of 
measurement  errors  of  virtual  heights. 

The  comparison  of  regularized  solutions  with  LSM-estimates  shows  that 
regularized  estimates  are  more  stable  to  errors  of  experiment  and  they  have  a 
range  of  independence  which  is  smaller  than  for  LSM-solution. 


THE  IONOSPHERIC  HOLES  -  MODELING  AND  DIAGNOSTICS 

I  B  Egorov,  O  P  Kolomiitsev,  Yu  Ya  Ruzhin,  O  G  Razinkov, 

Yu  N  Cherkashin  (IZMIRAN,  E-mail:  kolom@izmiran.rssi.ru) 

The  influence  holes  in  ionosphere  on  conditions  of  HF  radio  wave  propagation  in 
approximation  of  geometrical  optics  is  studied  theoretically.  The  results  of  modeling 
of  HF  radio  wave  propagation  on  routes  crossing  hole  in  ionosphere  are  submitted. 
The  radiotomography  and  modeling  of  ionospheric  sections  was  used.  It  is  shown,  that 
trajectory  characteristics  of  waves  in  coordinates  hight-latitude  depend  on:  geometrical 
sizes  hole,  direction,  point,  angle  and  frequencies  of  sounding.  The  characteristic 
modes  of  propagation  are  allocated  -  hop,  captured  by  channel  E-F,  captured  by  hole, 
trapeziform,  passing  through  hole.  The  heaviest  interest  presents  the  family  of 
captured  by  hole  trajectories.  On  estimations  the  time  of  delay  for  different  conditions 
makes  7-23  ms.  That  fact,  that  holes  in  top  ionosphere  are  long-living  by  large-scale 
formations,  indicates  on  that  disregard  of  effects  of  propagation  of  radio  wave, 
connected  with  holes,  will  result  in  distortion  or  misunderstanding  data  of  given 
monitoring,  control  and  diagnostics  of  condition  of  ionized  component  of  top 
atmosphere  of  Earth.  That  is  important  for  diagnostics  of  ionosphere  because  in  world 
practice  the  method  of  radiosounding  of  ionosphere  in  range  HF  radio  wave  for 
monitoring  and  control  of  ionosphere  is  adopted. 


COMPARISONS  OF  PRARE  TEC  WITH  TOPEX  MEASURE¬ 
MENTS  AND  WITH  IONOSPHERIC  MODELS 

F.  Flechtner,  S.  Bedrich  and  A.  Teubel 

GeoForschungsZentrum  Potsdam,  Div.  I/PRARE,  c/o  DLR,  P.O.Box  1116. 
D-82230  Oberpfaffenhofen,  Germany. 

The  German  microwave  satellite  tracking  system  PRARE  (Precise  Range  And 
Range  Rate  Equipment)  has  been  operating  onboard  ERS-2  since  May  1995 
with  the  routine  product  generation  starting  on  January  1st.  1996.  PRARE 
provides  very  precise  range  and  range-rate  measurements  between  the  space 
segment  and  a  globally  distributed  network  of  ground  station  transponders. 
The  measurements  are  used  for  orbit  determination,  point  positioning,  Earth 
rotation  and  gravity  field  parameter  estimation.  In  addition,  the  total  electron 
content  (TEC)  can  be  derived  from  the  simultaneous  transmitted  PRARE  X- 
and  S-band  signals. 

Two  different  methods  to  derive  TEC  using  PRARE  measurements  as  well 
as  strategies  to  determine  ground  station  dependent  biases  will  be  described. 
Finally!  the  PRARE  derived  TEC  data  are  compared  with  IRI95,  with  global 
ionospheric  maps  derived  from  GPS  carrier  phase  data,  and  with  TOPEX  dual¬ 
frequency  altimeter  derived  TEC  data. 


A  3D  RAY  TRACING  PROCEDURE  TO  STUDY  IONOSPHERIC  TILTS 

V.  Gasse,  D.  Lemur,  L.  Bertel 

Laboratoire  Structures  Rayonnantes/Radiocommunications  UPRES-A  6075. 
Universite  de  Rennes  I,  Campus  de  Beaulieu,  35042  Rennes  Cedex,  France. 

Tilts  associated  with  ionospheric  horizontal  gradients  are  one  of  the  causes  of 
bearing  errors  in  HF  links.  Since  tilts  were  first  observed,  several  geometrical 
models  of  link  have  been  proposed.  Croft  and  Fenwick  put  forward  a  geometrical 
method  that  supposed  a  spherical  earth  and  an  ionosphere  assimilated  with  a  plane 
mirror.  More  recently,  Bennett  and  Dyson  have  defined  an  ionospheric  MQP  model 
(Multi-Quasi  Parabolic)  spherically  stratified  and  non-concentric  with  the  earth. 

A  three  dimensional  ray  tracing  procedure  using  geometrical  optics  is  proposed. 
This  model  is  based  on  the  spatially  variable  parameters  of  the  ionospheric  layers 
obtained  from  forecast  procedures,  associated  with  a  MQP  profile.  A  simplified 
approach  using  predicted  layers,  was  made  previously  for  specular  reflection.  To 
improve  the  accuracy  of  the  method,  it  is  necessary  to  trace  the  rays,  taking  into 
account  the  refractive  index  and  the  gradient  at  each  curvilinear  abscissa  element 
along  the  ray  path.  Simulations  results  have  been  obtained  in  the  case  of  one  hop 
propagation,  from  short  to  long  range  links  as  a  function  of  time  and  season.  A  good 
agreement  is  observed  with  experimental  data  for  radio  links  above  western  Europe, 


THE  DAY-TO-DAY  VARIATIONS  IN  THE  IONOSPHERE 

G.  Gordienko,  M.  Kaliev 

Institute  of  Ionosphere,  Academy  of  Sciences,  Almaty  480068,  Kazakstan 
gord@ionos.alma-ata.su 

Variations  of  the  F2-region  critical  frequencies  foF2  have  been  studied  using 
the  ionosonde  data  measured  at  Kazakstan  location  (  Alma-Ata,  43.25o  N) 
during  the  period  November  1,  1985  -  February  28, 1989.  It  has  been  shown 
the  earth^s  ionosphere  experiences  regular  variations  with  quasi  periods  of 
to  27(T1),  13-15(T2),  8-9(T3)  days.  These  quasi  periods  take  part  in  forming 
an  ionospheric  background  level  and  must  be  taken  into  account  to  interpret 
disturbed  ionosphere  correctly.  There  is  some  spectra  common  for  the 
variations  of  the  F2-layer  critical  frequencies,  intensity  of  galaxy  cosmic  rays, 
atmospheric  pressure  on  the  height  h  =  3340  m,  intensity  of  solar  activity  and 
ionospheric  total  electron  content.  It  has  been  showed  coordination  of  fo  F2 
with  F10.7  and  its  submission  to  it,  at  least ,  within  Tl,  T2  and  T3. 
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NIGHTTIME  IONOSPHERIC  ELECTRON  CONTENT  AND  ITS 
VARIATIONS 

G.  Gordienko,  D.  Zachateiskiy,  M.  Kaliev,  S  Mukasheva 

Institute  of  Ionosphere,  Academy  of  Sciences,  Almaty  480068,  Ka2akstan 

gord@ionos.alma-ata.su 

This  paper  reports  results  of  the  study  of  nighttime  TEC  (total  electron 
content  NF)  variations  based  on  the  geostationary  satellite  ETS-II  data 
provided  by  the  receiving  station  gOrbitap  (Institute  of  Ionosphere,  Almaty, 
Kazakstan)  between  September  1985  and  December  1986.  Stages  of  the  work: 
(1)  the  study  of  the  nighttime  day  by  day  NF  variations;  (2)  The  study  of  the 
ANI  (an  anomalous  nighttime  increase  in  NF)  statistical  characteristics;  (3) 
the  analysis  of  the  ANI  structure.  Critical  frequencies  of  the  ionospheric 
F2-layer  shown  in  the  vertical  sounding  ionograms  have  been  used 
throughout  the  work  (ionosonde,  Almaty,  j  =  43.25o  N,  1  =  76.92o  E). 


A  REGIONAL  MODEL  OF  THE  F-REGION  DAY-TO-DAY 
VARIABILITY 

R.  Hanbaba 

France  Telecom  CNET,  DMR/TSI 
22307  Lannion  Cedex,  France, 

A  major  limitation  of  existing  models  is  that  they  are  based  on  monthly  median 
conditions  and  include  no  specification  of  day-to-day  variability.  As  a  consequence 
of  this,  the  Maximum  Usable  Frequency  provided  by  number  of  prevailing 
procedures  for  HF  performance  prediction  is  unsuitable  for  some  applications 
because  it  would  be  quantify  the  performance  of  a  radio  service  only  50  percent  of 
the  time.  The  objective  of  this  paper  is  to  propose  derived  statistically  expressions  to 
be  used  together  with  the  models  for  median  values  of  the  ionospheric 
characteristics  developed  under  the  COST  251  (Improved  Quality  of  Service  in 
Ionospheric  Telecommunications  Systems  and  operation)  project. 


TEC  AND  TOPSIDE  SHAPE  OF  ELECTRON  DENSITY  PROFILE  IN 
EUROSTANDARD  AND  INTERNATIONAL  STANDARD  MODELS  OF 
IONOSPHERE 

T.L.  Gulyaeva 

IZMIRAN,  142092  Troitsk,  Moscow  Region,  Russia 
tamara@izmiran.troitsk.ru  /  Fax:  (7  095)  334  0124 

Model  of  the  height  h0.5  where  the  topside  density  has  decreased  to  half  the 
F2-peak  density  0.5  NmF2  differs  essentially  in  the  European.  PRIME-DGR 
model,  International  Reference  Ionosphere  (IRI)  and  Standard  Model  of 
Ionosphere  (SMI).  PRIME-DGR  topside  shape  of  profile  is  adjusted  to  TEC 
model  in  Europe  thus  yielding  h0.5  too  high  (up  to  900  km  at  sunrise  for 
high  solar  activity).  h0.5  in  the  SMI  is  adjusted  to  IK-19  topside  profile  shape 
resulting  in  the  most  thin  topside  profile  semi-thickness.  IRI  profile  yields 
moderate  h0.5  values.  TEC  predictions  by  the  said  3  models  are  compared 
with  measured  TEC  in  Europe  and  America.  Additional  constraints  on  the 
F2  layer  peak  parameters  and  measured  TEC  should  be  applied  in  modelling 
the  topside  profile  shape. 


VIEWING  IONOSPHERIC  IRREGULARITIES  WITH  360 
DEGREES  AZIMUTHAL  SCANNING  USING  OTH 
RADAR  NOSTRADAMUS 

A.  Huar.  S.  Saillant 

Office  National  d’Etude  et  de  Recherche  Aerospatiale,  France 
e-mail:  huar@onera.fr  Tel:  +33.01.69.93.62.91 

Ionospheric  irregularities  has  been  studied  with  HF  and  VHF  radar 
systems.  As  irregularities  are  highly  aspect  sensitive,  the  experimental 
geometry  is  well  defined:  equatorial  radars  must  be  pointed  in  the 
east- west  plane  while  auroral  radars  can  only  sound  northward.  This  is 
because  their  transmitted  frequency  are  above  the  plasma  frequency 
and  waves  are  straight  propagated.  Using  OTH  radar  with  lower 
frequency  allows  ionospheric  refraction  and  then,  aspect  angle 
conditions  can  be  reached  in  all  azimuths  at  midlatitude.  The  main 
problem  is  the  difficulty  to  localize  echoes  arid  to  separate  them  from 
ground  clutter  without  good  ionospheric  ray  tracing  predictions. 
During  June  ’97,  experiments  had  been  done  using  NOSTRADAMUS 
facilities  to  scan  360  degrees.  Results  are  compared  with  3D 
ray-tracing  simulations. 


AN  ALGORITHM  TO  CALCULATE  DISTURBED  PERIODS  FOR 
foF2 

T.  Gulvaeva  (1).  D.N.  Fotiadis  (2)  and  S.S.  Kouris  (2) 

(l)  Izmiran,  Academy  of  Sciences,  Troitsk,  Moscow  Region,  Russia,  (2) 
Electrical  Eng.  Dept.,  University  of  Thessaloniki,  Greece. 


MODELLING  OF  THE  E-LAYER  PEAK  HEIGHT  AT  MID-LATITUDES 

G.S.  Ivanov-Kholodny  (1),  P.V.  Kishcha(l)  and  T.G.  Zhivolup  (2) 

(I)  IZMIRAN ,  142092  Troitsk,  Moscow  region,  Russia,  (2)  Institute  of  Ionosphere, 
Kharkov,  Ukraine 

kishcha@izmiran.troitsk.ru;  pmaster@lars.izmiran.troitsk.su  /Fax:  (7-095)  334 
0124 


An  algorithm  to  calculate  disturbed  periods  for  foF2  and  NmF2  as  proposed 
by  Kouris  et  al.  (Adv.  Space  Res.,  in  edition)  is  described.  The  obtained 
results  using  the  proposed  algorithm  are  then  compared  with  those  resulting 
from  geophysical  definitions  of  quiet  ionospheric  conditions.  The 
comparisons  lead  to  some  very  interesting  conclusions  about  ionospheric 
variability  and  its  predictability. 


An  empirical  model  of  the  E-layer  peak  height  have  been  worked  out  using  a 
homogeneous  set  of  precise  data  of  the  Kharkov  incoherent  scatter  radar  located  at 
“50°N.  A  special  technique  was  developed  to  minimize  systematic  errors  of  radar 
measurements.  Only  radar  measurements  for  magnetically  quiet  condition  with  Kp- 
indices  less  than  3  have  been  used.  These  data  comprise  the  period  from  1978  to 
1990.  This  model  describes  diurnal,  seasonal  and  solar  cycle  variations  of  hmE;  it 
could  be  expanded  to  other  mid  latitudes  down  to  “40°N.  The  proposed  model  is 
compared  with  other  existing  models  of  the  E-layer  peak  height  based  on  rocket 
and  radar  data.  The  authors  feel  the  proposed  model  yields  higher  accuracy,  in 
particular  around  noon.  If  approved  it  can  be  incorporated  into  the  IRI  model. 
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THEORETICAL  MODELING  OF  THE  REAL  SPATIAL-TEMPORAL 
VARIATIONS  OF  THE  MID-LATITUDE  IONOSPHERE 

N.A  Kilifarska  Geophysical  Institute,  Bulgarian  Acad,  of  Sci,  3  “Acad. 
G.Bonchev"  str.,  Sofia  1113,  Bulgaria,  e-mail:  natalka@geophys.acad.bg 

Despite  existence  of  many  different  ionospheric  models  (empirical, 
theoretical,  hybrid,  etc.),  the  problem  for  describing  the  real  distribution  of  the 
main  ionospheric  parameters  not  only  for  median,  but  also  for  very  quiet,  as 
well  as  for  disturbed  geophysical  conditions,  is  far  from  decision. 

The  theoretical  model  (TM)  proposed  here  can  be  used  for  describing  the 
median  distribution  of  foF2  and  hmF2,  when  MSIS  and  HWM’90  models  are 
used  to  calculate  the  input  parameters  (neutral  composition,  temperature 
and  wind).  However,  combined  with  an  additional  procedure  that  allows 
correction  of  the  input  parameters  by  using  Re-measurements  of  foF2  and 
hmF2  data,  in  a  meridional  chin  of  stations,  this  model  describes  quite  well 
the  spatial  distribution  of  these  parameters  accordingly  to  the  real  state  of 
the  ionosphere. 

As  a  median  model  TM  has  been  tested  over  great  range  of  solar  activity, 
seasons,  spatial  areas,  etc.,  and  compared  with  CCIR,  URSI  and  PRIME 
empirical  models.  Calculation  of  the  errors’  distribution  gives  the  similar  error 
variance  for  all  the  models,  but  the  different  position  of  the  areas  with  the 
largest  and  the  smallest  errors. 

As  a  re-time  model  TM  has  been  tested  only  for  a  few  “disturbed”  and  “very 
quiet"  periods,  however  the  results  received  are  very  hopeful. 


SPECIFICATIONS  OF  THE  F-REGION  VARIATIONS  FOR  QUIET  “ 
AND  DISTURBED  CONDITIONS 

S.S.  Kouris  (1),  D.N.  Fotlndis  (1)  and  RZolesi  (2) 

(1)  Electrical  Eng.  Dept.,  University  of  Thessaloniki,  Greece,  (2) 

Istituto  Nazionale  di  Geofisica,  Via  di  Vigna  Murata  605,  Rome, 

Italy. 

Quiet  ionosphere  models  are  based  on  median  values  of  the  ionospheric 
characteristics.  Limitations  arise  when  individual  days  conditions  are 
required  to  be  specified  because  specification  of  disturbed  conditions  are 
needed.  Ionospheric  conditions  are  based  on  available  geomagnetic 
conditions  but  ionospheric  and  geomagnetic  phenomena  can  process 
independently  of  each  other.  Therefore,  an  ionospheric  definition  of 
disturbed  conditions  based  on  the  departures  of  foF2  from  its  median  value 
as  it  is  proposed  by  Kouris  et  al.  (Adv.  Space  Res.  in  edition)  is  used  here  to 
estimate:  1)  the  mean  percentage  of  disturbed  days  in  each  month  in  the 
European  area  for  three  reference  solar  epochs,  2)  the  percentage  of 
disturbed  hours  in  each  month,  3)  limits  (positive  and  negative)  at  relative 
departures  of  foF2  from  the  corresponding  median  values  for  the  three 
reference  solar  epochs  for  quiet  and  disturbed  conditions  along  the  year. 


SHORT-TERM  PREDICTION  OF  IONOSPHERIC  PARAMETERS  BASED  ON 
THE  AUTOCORRELATION  ANALYSIS 

I-  Kuliev  (1),  P.  Muhtarov  (1).  L.R.  Cander  (2)  and  M.F.  Levy  (2) 

(1)  Geophysical  Institute,  Sofia,  Bulgaria. 

(2)  Rutherford  Appleton  Laboratory,  Chilton,  Didcot,  UK 
I. candela  rl.ac.uk/Fax:  +44  1235  44  6140 

An  autocorrelation  method  was  recently  developed  for  temporal  interpolation  and 
short-term  prediction  of  ionospheric  characteristics.  This  method  is  used  to  perform  24 
hours  prediction  of  foF2  and  M(3000)F2  measured  at  stations  Uppsala,  Slough.  Poitier 
and  Sofia  during  the  last  three  solar  cycles.  For  each  prediction,  the  method  determines 
an  autocorrelation  function  over  the  last  25  days  and  assigns  the  respective  weighting 
coefficients  to  the  hourly  values  in  the  last  4  days.  These  weighted  hourly  values  are 
then  used  to  calculate  the  respective  hourly  values  in  the  prediction  period.  The 
prediction  procedure  is  performed  for  each  single  prediction  within  the  whole  years 
from  1960  to  1996.  Standard  deviation,  as  well  as  the  probability  distribution  around 
the  respective  measured  values  are  calculated  for  each  station  during  the  whole  years 
considered.  Results  are  discussed  in  terms  of  their  latitudinal  and  seasonal  (monthly 
averaged  over  the  whole  period)  dependence.  The  met!  hod  is  applied  to  2-  and 
3-days  predictions  and  the  corresponding  errors  are  discussed. 


MONTHLY  MEDIAN  IONOSPHERIC  FREQUENCIES 
PREDICTION  WITH  NEURAL  NETWORKS 

X.  Lamming  (1),  Lj.R.  Cander  (2) 

(1)  CNET  Lannion  -  France  Telecom,  22307  Lannion  Cedex  -  France, , 

(2)  Rutherford  Appleton  Laboratory,  Chilton,  Didcot,  United  Kingdom 
xavier. Iammi  ng@cnet.  francetelecom . fr/  Fax  :  +33(0)2.96.05.32.56 

An  idea  has  been  tested  with  the  aim  of  establishing  a  new  long  term 
prediction  procedure  to  support  ionospheric  radio  wave  propagation  at 
frequencies  above  2  MHz.:  use  a  neural  network  to  model  and  predict 
the  monthly  median  ionospheric  frequencies.  The  neural  networks  have 
been  trained  with  the  foF2  measured :  data  from  the  mid-latitude 
European  ionospheric  stations  in  four  separate  cases:  (i)  a  simple  model 
of  the  classical  multi-layer  perceptron  (MLP)  with  3  inputs:  hour,  month 
and  solar  activity  index  R 12  and  one  output:  the  foF2  from  Poitiers 
ionospheric  station  (46  N,  00  E);  (ii)  a  modular  neural  network  with  the 
same  inputs  and  output;  (iii)  a  neural  network  with  the  embedding 
dimension  and  the  horizon  delay,  using  the  last  foF2  observations  from 
Poitiers  introduced  as  a  time  series;  (iv)  a  neural  network  with  latitude 
and  longitude  as  new  additional  inputs.  The  results  are  compared  with 
those  of  the  classical  PRIME  and  ITU-R  models. 


MAGNETIC  FIELD  ALIGNED  MODELLING  FOR  THE  UPPER 
F  REGION  AND  FOR  THE  PLASMASPHERE 
R.  Leitinger 

Institut  fur  Meteorologie  und  Geophysik,  Universitat  Graz,  Osterreich. 

Teit ingerCbkf ug .kf unigraz . ac . at 

Existing  empirical  models,  e.g.,  the  IRI  and  the  PRIME  model,  have  short¬ 
comings  for  the  uppermost  F  region  and  usually  have  no  realistic  formulation 
for  the  plasmasphere.  These  shortcomings  can  be  overcome  by  replacing  purely 
height  oriented  modelling  by  magnetic  field  aligned  approaches. 

A  magnetic  field  approximation  is  presented  which  uses  dipole  field  lines  with 
apexes  above  the  dip  equator.  Modelling  along  these  field  lines  can  be  based 
on  diffusive  equilibrium.  For  a  single  ion  plasma  (e.g.,  an  H+  plasma)  the  in¬ 
tegrations  wich  are  necessary  to  model  along  the  field  lines  in  a  realistic  way- 
can  be  carried  out  by  means  of  series  expansions.  For  a  multiple  ion  plasma 
and  in  case  of  arbitrary  dependence  of  electron  and  ion  temperatures  on  the 
coordinates  one  has  to  apply  numerical  integration. 

The  principles  of  joining  a  field  aligned  model  to  a  height  oriented  one  are 
discussed  including  a  method  to  cross  the  dip  equator  in  a  consistent  way. 

A  practical  example  is  presented  with  a  plasmasphere  model  added  to  the 
global  model  NeUoG  which  was  developed  at  the  University  of  Graz.  The  fu¬ 
ture  development  aims  at  replacing  all  of  the  topside  F  region  of  the  model  by 
a  magnetic  field  aligned  approach. 


MODELLING  OF  THE  MAIN  TROUGH  OF  THE  F  REGION  FOR 
COST  251 

R.  Leitinger  and  the  COST  251  Trough  Task  Force 
Institut  fur  Meteorologie  und  Geophysik,  Universitat  Graz,  Osterreich. 
leit ingerCbkf ug . kf unigraz . ac . at 

For  the  equinox  and  winter  seasons  the  main  trough  is  a  stable  feature  of  the 
F  region  of  the  ionosphere.  Since  its  latitudinal  scale  is  small  and  since  its 
location  depends  strongly  on  magnetic  activity  the  trough  is  smoothed  out  in 
large  scale  monthly  median  models  as  well  as  in  monthly  median  data.  The 
trough  location  is  well  known  in  dependence  of  geographic  coordinates,  time 
and  magnetic  activity.  Furthermore,  we  have  now  some  good  impression  on  the 
ionization  values  in  the  trough  and  can  make  at  least  fair  guesses  with  respect 
to  the  shape  of  the  equatorward  shoulder  of  the  trough. 

We  present  maps  for  the  trough  in  foF2  and  in  electron  content  to  be  superposed 
on  large  scale  maps  of  these  quantities.  The  trough  maps  need  an  additional 
input  parameter  for  the  level  of  magnetic  activity.  The  trough  maps  reach  the 
minimum  of  the  trough  but  do  not  reach  beyond:  polewards  of  the  minimum 
the  variability  of  electron  density  and  electron  content  is  too  strong  to  allow  to 
construct  u'seful  averages. 

For  height  profiles  of  electron  density  in  the  trough  region  we  present  some 
guidelines  only. 
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MAPPING  MONTHLY  QUARTILES  OF  IONOSPHERIC  ELEC¬ 
TRON  CONTENT  AND  OF  FOF2 

R.  Leitinger  (1)  and  G.  Hochegger  (1) 

(1)  Institut  fur  Meteorologie  und  Geophysik,  Universitat  Graz,  Osterreich. 
leit ingerCbkf ug . kfunigraz . ac . at 

Monhtly  quantiles  of  ionization  parameters  are  important  information  for  sys¬ 
tem  planning  and  to  assess  one  aspect  of  ionospheric  variability.  For  ionosonde 
parameters  the  data  base  is  probably  large  enough  to  allow  mapping  of  deciles. 
For  electron  content  the  situation  is  not  so  good:  at  least  for  Europe  the  data 
base  only  allows  to  construct  maps  for  the  upper  and  and  the  lower  monthly 
quartiles. 

We  present  mapping  procedures  and  maps  for  monthly  quartiles  of  electron  con¬ 
tent  and  of  foF2  based  on  experiences  with  mapping  procedures  for  monthly 
medians.  It  turned  out  that  for  the  lower  quartiles  it  is  necessary  to  modify  pro¬ 
cedures  and  to  use  more  coefficients  for  the  quartile  maps  than  for  the  median 
maps.  The  experience  gained  is  used  to  formulate  mapping  recommendations 
for  the  COST  251  area. 

We  also  discuss  possibilities  to  gain  decile  information  for  electron  content  from 
foF2.  For  a  few  selected  months  and  locations  deciles  can  be  gained  from  the 
Faraday  effect  on  the  signals  of  geostationary  satellites.  These  selected  cases 
are  used  to  check  on  procedures  to  use  foF2  experience  to  construct  electron 
content  deciles. 


THE  ION  COMPOSITION  MEASUREMENTS  AND  MODELLING  AT  ALTITUDES  FROM 
140  TO  350  KM  USING  EISCAT  MEASUREMENTS 

A.  Litvine,  W.  Kofman  and  B.  Cabrit 

CEPHAG,  B.P.  46,  38402  Saint  Martin  d'Heres,  France 

wlodek.kofman@cephag.inpg.fr  /  fax :  +33  4  76  82  63  84 

This  work  aims  at  processing  the  data  of  CPI  program  of  EISCAT  ionospheric  radar  from 
1987  to  1994  using  the  'global  fit*  method  which  allows  to  solve  the  ’temperature-composition1 
ambiguity  problem  in  the  tower  F  region.  The  data  analysis  program  was  developed  in 
CEPHAG  in  1995-96  by  B.  Cabrit  and  W.  Kofman.  To  improve  this  program,  we  first 
introduced  another  analytical  function  to  model  the  ion  composition  profile.  Secondly,  we 
chose  the  best  method  to  select  the  initial  conditions  for  the  ’full  profile'  procedure.  A 
statistical  analysis  of  the  results  was  done  to  obtain  the  averages  of  various  parameters : 
electron  concentration  and  temperature,  ion  temperature,  composition  and  bulk  velocity.  The 
aim  is  to  show  the  obtained  models  of  parameter  behaviour  defining  the  ion  composition 
profiles :  z50  (transition  altitude  between  atomic  and  molecular  ions)  and  Dz  (width  of  the 
profile),  for  various  seasons  and  for  high  and  low  solar  activities.  To  explain  the  principal 
features  of  parameters  z5Q  and  Dz,  we  performed  a  simple  simulation  of  the  processes 
leading  to  composition  changes,  supposing  the  state  of  equilibrium  at  each  altitude  and 
neglecting  the  terms  of  transport  in  the  continuity  equation.  This  procedure  gave  the  same 
diurnal  behaviour  of  the  composition  parameters  as  the  one  observed  for  winter  and  summer. 
But  due  to  some  simplifications  of  the  problem,  these  explanations  cannot  be  absolutely  sure. 
In  this  paper,  we  discuss  the  results  and  compare  them  with  the  modelling. 


IONOSPHERIC  INDEX  MF2  FOR  MONTHLY  MEDIAN  foF2  AND 
M(3000)F2  MODELING  AND  LONG-TERM  PREDICTION  OVER 
EUROPEAN  AREA 

A.  Mikhailov 

Institute  for  Terrestrial  Magnetism,  Ionosphere  and  Radio-Wave  Propagation, 
Russia, 

avm71@orc.ru 

A  new  ionospheric  index  MF2  for  monthly  median  foF2  and  M(3000)F2 
modeling  and  long-term  prediction  has  been  proposed  in  the  framework  of 
European  COST-25 1  Project.  A  comparison  with  other  solar  direct  and 
ionospheric  indexes  used  in  practice  has  shown  the  advantage  of  MF2  index 
in  retrospective  mode.  Distinct  from  direct  solar  indexes  (R12,  F10.7)  such 
effects  as  'saturation*  at  high  solar  activity  and  ‘hysteresis*  foF2  in  the 
course  of  solar  cvcle  are  avoided  when  MF2  is  used.  Monthly  MF2  indexes 
demonstrate  regularity  in  seasonal  variations  during  solar  cycles,  which  can 
be  used  for  MF2  long-term  prediction  method.  Long-term  (3,  6  and  12 
months  in  advance)  MF2  predictions  were  used  to  calculate  foF2  using 
single  station  models  for  COST-251  ionosonde  network.  A  comparison  with 
foF2  observations  and  CCIR  model  predictions  (based  on  the  official  R12 
long-term  forecast)  has  shown  the  advantage  of  the  proposed  approach 
based  on  the  new  index  MF2. 


Doris  based  ionospheric  correction 

N.  Picot 

CNES,  18  Av  Edouard  Belin,  31041  Toulouse-  FRANCE 
Nicolas.Picot@cnes.fr/Fax  :  33-561282595 

To  compute  the  ionospheric  correction  to  be  applied  to  the  single-frequency 
POSEIDON  altimeter  flying  onboard  T/P,  we  have  developed  a  model  using  Doris 
Doppler  data.  The  system  includes  a  network  of  about  50  transmitting  beacons 
spread  all  over  the  world,  receivers  flying  onboard  satellites  and  a  control  and 
processing  system  on  ground.  Each  bacon  transmits  a  signal  on  2  frequencies  (2 
GHz  and  400  MHz).  The  onboard  receiver  measures  the  Doppler  count  over  a 
period  of  about  10  seconds.  Assuming  that  Doppler  measurements  at  both 
frequencies  are  equal  except  for  the  ionospheric  effect,  one  can  deduce  the 
ionospheric  correction  to  be  applied  to  the  2  GHz..  We  have  about  7000 
measurements  each  day,  that  are  split  into  2  different  data  sets  to  take  into  account 
the  local  time  effect,  and  are  used  to  estimate  the  TEC  at  every  point  of  a  regular 
grid. 

This  DORIS  correction  is  computed  operationally  since  the  beginning  of  the  T/P 
mission  in  1992.  We  have  conducted  a  global  analysis  of  its  quality  using  the  Topex 
dual  frequency  information.  This  model  will  be  used  for  the  Jason  and  Envisat 
satellites.  To  estimate  more  precisely  the  TEC  spectrum,  we  will  ingest  GPS 
information  in  the  future.  This  will  allow  a  very  precise  determination  of  the  TEC, 
which  will  be  useful  to  calibrate  the  dual-frequency  correction,  and  to  provide  to  the 
users  an  accurate  estimate  of  the  TEC  where  the  dual-frequency  correction  is  not 


TOPSIDE  ELECTRON  DENSITY  PROFILES  MODELING  ON  THE  BASIS 
OF  VERTICAL  TOPSIDE  SOUNDING  DATA 

S.A.  Pulinets  (1),  S.  M.  Radicella  (2)  V.Kh.  Depuev  (1)  and  M-L  Zhang  (2) 

(1)  Institute  of  Terrestrial  Magnetism,  Ionosphere  and  Radiowave  Propagation, 
Troitsk.  (2)  International  Center  for  Theoretical  Physics,  Trieste 
pulseghelios.  izmiran.troitsk.ru/Fax:  +7-095-3340124 

Topside  ionosphere  modelling  always  encountered  with  difficulties  connected  with 
experimental  data  collection.  The  only  means  for  ground-based  sounding  of  the 
topside  ionosphere  are  incoherent  scatter  radars  that  are  situated  at  several  points  (5 
or  6  regularly  working  radars).  They  do  not  fulfill  the  necessary  geophysical 
coverage  if  one  wants  to  take  into  account  the  ionosphere  variability  and  diversity 
of  ionosphere  behavior  in  different  characteristic  regions  (polar,  auroral,  middle 
latitude,  low  latitude  and  equatorial).  From  the  other  side,  the  satellite  data,  namely 
topside  sounding,  having  good  global  coverage  are  limited  by  local  time  and  solar 
cycle  phases  coverage.  Nevertheless,  they  give  possibility  to  estimate  the  main 
characteristic  parameters  of  the  topside  ionosphere  behavior  in  different  latitudinal 
and  longitudinal  regions.  The  main  characteristics  of  the  topside  ionosphere 
profiles  were  revealed  for  different  seasons,  different  lev  els  of  solar  and 
geomagnetic  activity  basing  on  the  dataset  from  Intercosmos- 19  and  Cosmos  1809 
satellites.  More  than  3000  topside  profiles  were  processed  and  parameterized.  The 
simplified  empirical  formula  was  proposed  for  the  topside  profile  presentation  and 
values  of  the  introduced  parameter  B3  were  obtained  for  different  solar- 
gcomagnctic  and  geophysical  conditions.  The  obtained  values  of  the  B3  parameter 
could  be  used  for  the  purposes  of  ionospheric  modelling. 


SPACE  CORRECTION  OF  GLOBAL  MODELS  OF  ELECTRON 
NUMBER  DENSITY  IN  THE  IONOSPHERE  BY  RECEIVING  AT 
ONE  SITE  SIGNALS  FROM  LOW-ORBIT  SATELLITES 

V.  F.  Pushin  (1),  V.  N.  Fedorenko  (1),  Yu.  P.  Fedorenko  (1),  O.  F.  Tyrnov  (1) 
and  I.  I.  Shagimuratov  (1) 

(1)  Kharkiv  State  University,  Kharkiv,  Ukraine. 

Oleg . F . TyrnovCuniver . kharko v . ua 

A  technique  for  updating  global  models  of  the  electron  density  N  is  developed. 
It  employs  a  part  of  the  Doppler  shift  due  to  the  rate  of  change  of  the  total 
electron  content  determined  at  one  site  from  measurements  of  signals  from  the 
radio  beacons  on  low-orbit  satellites.  This  technique  enables  corrections  of  the 
Chiu  model  over  a  region  of  about  1,000  km  in  a  North-South  direction.  To 
study  a  possibility  of  predicting  :V  in  an  East- West  direction  using  the  corrected 
model,  we  employ  the  measurements  of  satellite  signals  received  at  three  sites 
spaced  up  to  2,000  km.  For  updating  global  N  models,  it  is  determined  that 
separations  between  correction  sites  can  be  of  up  to  about  3,000  to  4,000  km. 
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IMPROVING  THE  IRI  PROFILE  DEFINITION 

B,W.  Reinisch  (1)  and  X.  Huang  (1) 

(1)  Center  for  Atmospheric  Research,  University  of 
Massachusetts,  600  Suffolk  St.,  Lowell,  MA,  USA 
Bodo_Reinisch@uml.edu 

Reliable  ionospheric  models  are  required  to  support  long-distance 
HF  radio  communication  and  control.  For  global  operation,  the 
Internationa!  Reference  Ionosphere  (IRI)  is  one  of  the  most 
widely  used  models.  Deficiencies  in  the  IRI  model,  specifically 
for  lower  latitudes,  have  been  traced  to  the  BO  and  B 1  parameters 
which  specify  the  bottomside  F2  layer.  Improved  parameter  sets 
as  function  of  dip-latitude,  season  and  sunspot  activity  are  being 
developed  by  comparison  with  ionogram-derived  profiles.  New 
solutions  are  now  required  to  connect  the  improved  F2  layer 
profiles  to  the  underlying  layers,  i.e.  either  to  the  FI  layer  or  the  E 
layer.  This  paper  describes  a  systematic  approach  of  connecting 
the  F2  profile  data  for  the  mid-latitude  and  equator  are  used  to 
establish  a  unified  approach. 


A  PIM- AIDED  KALMAN  FILTER  FOR  GPS  TOMOGRAPHY  OF 
THE  IONOSPHERIC  ELECTRON  CONTENT 

G.  Ruffini,  L.  Cucurull,  A.  Flores,  A.  Rius  and  M.  J.  Sed6 
Catalan  Institute  for  Space  Studies. 
rufflniCieec.fcr.ea/Fax:  [+34]  280-63-95 

We  develop  a  PIM-based  functional  for  stochastic  tomography  with  a  Kalman 
filter,  which  aids  the  regularization  of  the  inversion  problem  associated  with 
three-dimensional  ionospheric  stochastic  tomography.  We  allow  the  GPS  data 
select  dynamically  the  best  PIM  parameters,  in  a  3DVAR  fashion.  We  then 
demonstrate  the  value  of  this  method  analyzing  IGS  and  GPS/MET  GPS  data 
from  one  day,  and  present  our  results  in  terms  of  a  4D  model  of  the  ionospheric 
electronic  density.  For  validation,  we  compare  our  inferred  tomographic  TECs 
with  TOPEX  data,  and  compare  the  deduced  PIM  parameters  (Solar  activity 
indices  F10.7  and  Sunspot  Number  (SSN),  Magnetic  activity  index  Kp,  Orien¬ 
tation  of  the  interplanetary  magnetic  field  IMF  Bv  and  IMF  Bz)  and  outputs 
(critical  frequencies)  with  GOES,  ionosonde,  and  other  data. 


RECENT  RESULTS  ABOUT  THE  OCCURRENCE  OF  FI  LAYER 

C.  Scotto 

Istituto  Nazionale  di  Geofisica,  Italy. 

SCOTTO@marte. ingrm.it/Fax  5041181 

A  review  of  recent  results  in  the  evaluation  of  the  probability  of 
occurrence  of  FI  layer  and  L  condition  is  presented.  Two  probability 
functions  are  shown  and  the  result  of  the  test  is  discussed  for  different 
geomagnetic  latitude  and  solar  activities. 


REGIONAL  MODEL  OF  TEC  FROM  GPS  OBSERVATIONS 

■  I.  I.  Shagimuratov  and  G.  A.  Yakimova  (West  Department  of  the  Institute  of 
Geomagnetism,  Ionosphere  and  Radiowave  Propagation  (IZMIRAN)  of  the  Russian 
Academy  of  Sciences,  Pobeda  Str.  41,  236017  Kaliningrad,  Russia) 

L.  W.  Baran  (Institute  of  Geodesy,  Olsztyn  University  of  Agriculture  and 
•  Technology,  Oczapowski  Str.  I,  10-957  Olsztyn,  Poland) 

Regular  GPS  observations  performed  at  IGS  stations:  Borowiec  (52.1  N. 
17.1  E),  Lamkowko  (53.7N,  20.7E),  Jozefos3aw  (52.1  N,  21.0  E)  and  Wroc3aw 
(51.0N,  17.0  E)  has  been  used  to  create  a  model  of  TEC  over  Poland.  The  model 
describes  the  TEC  distribution  over  latitudes  of  45°-55°  N  and  longitudes  of  10°- 
30°  E,  for  the  period  of  minimum  solar  activity.  As  a  basis  for  construction  of  this 
model  we  admitted  local  ionosphere  models  for  individual  stations.  This  model  is  a 
classical  ionosphere  single  layer  approach,  in  a  sun-fixed  system  of  coordinates.  The 
local  model  represents  TEC  over  station  as  a  series  in  function  of  local  time  at 
subionospheric  points. 

The  coefficients  of  model  are  computed  simultaneously  with  equipment  biases 
for  24  hour  period.  The  coefficients  and  their  number  were  optimised  for  individual 
stations.  The  local  model  represents  the  diurnal  variations  of  TEC  over  a  station.  For 
regional  model  the  latitudinal  dependence  parameter  has  been  determined  for  TEC 
estimation  at  latitude  spaced  stations.  In  the  regional  model  the  seasonal  variations 
are  represented  via  the  coefficients  of  the  local  models  as  a  function  of  day  number. 
New  regional  model  describes  the  TEC  for  minimum  solar  activity  only.  In  future 
the  model  will  be  updated  to  account  for  dependency  on  a  solar  activity. 


COMPARISON  OF  DIFFERENT  INSTANTANEOUS  MODELS 
OF  N(h)  PROFILES  AT  SINGLE  LOCATION 

I.Stanis‘awska 

Space  Research  Centre,  00-716  Warsaw,  POLAND. 
stanis(5cbk.  waw.pl, 

Three  different  electron  concentration  height  profile  models  has  been 
compared  to  those  obtained  from  the  ionograms  at  Warsaw  station. 
The  ionograms  are  obtained  with  the  inversion  technique  of  trace  data 
to  electron  density  profiles.  These  models  use  as  an  input  the  standard 
ionospheric  characteristics.  Some  of  the  models  has  been  constructed 
for  monthly  median  purposes.  To  obtain  the  instantaneous  profile  the 
values  of  needed  parameters  has  been  taken  from  the  simultaneously 
constructed  instantaneous  maps  of  ionospheric  parameters.  For 
instantaneous  maps  construction  two  techniques  are  used:  Kriging 
technique  with  modifications  concerning  ionospheric  behaviour  which 
uses  the  deviations  of  measurements  from  the  monthly  median  maps 
and  fitting  method  which  consists  of  updating  median  maps  with  the 
measurements.  The  comparison  is  done  for  COST  238  PRIME  height 
profile  model,  a  local  model  based  on  a  modified  Rush  model  and  a 
model  constructed  on  the  base  of  time  series  of  profiles  and  artificial 
neural  network  technique.  The  usefulness  of  the  average  representative 
height  profile  CARP  constructed  for ‘the  set  of  profiles  for  these 
models  and  the  measurements  is  discussed. 


EMPIRICAL  MODELS  OF  ELECTRON  TEMPERATURE  AND 
DENSITY  IN  THE  OUTER  IONOSPHERE  FOR  PERIOD  OF 
SOLAR  MAXIMA 

V.  Truhlik,  L.  Triskova  and  J.  Smilauer 

Institute  of  Atmospheric  Physics  of  Acad.  Sci.  Czech  Rep.,  Bo£m  II, 
141  31  Prague  4,  Czech  Republic 

Thermal  plasma  parameters  such  as  electron  temperature  (Te)  and 
density  (Ne)  in  the  outer  ionosphere  have  not  been  satisfactorily  included 
in  the  most  known  ionospheric  models  (such  as  the  last  version  of  IRI 
model)  so  far. 

Measurements  onboard  Intercosmos  satellites  yielded  a  data  base  of  Te 
and  Ne  especially  from  periods  of  solar  maxima.  This  data  base  has  been 
used  to  construct  empirical  models  of  both  parameters  considering 
invariant  latitude,  longitude,  local  time  and  geomagnetic  and  solar 
activity.  Systems  of  orthogonal  functions  are  employed. 
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MESOSCALE  STRUCTURES  at  EQUATORIAL  F2  LATITUDES 
and  NEW  OBLIQUE  HF  TELECOMMUNICATIONS  in 
the  SUBSAHELIAN  BUSH  AREAS 

p  Vila!  (CETP/StMaur,  France),  R.  Fleury  2 

(FT/CNET/DMR/TSI/Lannion,  France),  E.Sambou3  (UCAD,  Dakar, 

Senegal). 

Vila,  CETP/CNRS  Fax:0 1  45 1 1 4270 

The  network  of  3  ionosondes  in  West  Africa  (Dakar,  mag.  latitude 
ml=»5°N.;  Ougadougou,  ml-1.3°  N.;  Korhogo,  ml-2.5°S.)  provided 
quarterly  ionograms  during  the  IEEY  (Nov.  1992  to  Nov.  1994).  It  led 
us  to  discover  two  kinds  of  daytime  F  layer  electron  density  gradients: 
i.)  steep  N.-S.-aligned  fronts  (crests,  thin  domes)  with  zonal  gradient 
of  dN/dx  »3  10  4  cm"3  nr1  over  longitude  widths  of  <  500km.  These 
fronts  occur  from  March  to  October  at  local  times  of  about  10  and  14:30 
LT,  on  quiet  and  moderately  active  days  (<ap  >  <3+).  ii)  larger-scale 
latitudinal  gradients  over  the  whole  equatorial  zone  -5°  to  +5°  ml,  from 
November  to  February  (local  "magnetic  winter")  during  most  of  the 
daytime  (09:  to  20:  LT). 

We  deduce  corresponding  (2.1/2)D  gradient  structures  that  can  be 
used  to  develop  economic  telecommunications  by  oblique  HF 
propagation  between  points  distant  on  the  ground  of  about  20  to  1000 
km. 


EFFECTS  OF  MAGNETIC  ACTIVITY  ON  THE  IONOSPHERIC 
MONTHLY  MEDIAN  VALLE  f„F2 

Jian  Wu.  Kaichun  Li.  Xianyi  Wang  and  Yucheng  Suo 

China  Research  Institute  of  Radiowave  Propagation.  Xinxiang  453003,China 

wujian'fl  public. zz.ha.cn/Fax :+86  373  305  2232 

Vertical  sounding  data  monthly  median  from  1977  to  1986  at  7  Chinese  ionospheric 
observatories  in  middle  and  lower  latitude  region  is  used  in  this  paper  to  study  the  effects  ot 
the  magnetic  activity  on  the  average  behavior  of  monthly  median  f0F2  and  on  the  IRl 
prediction  precision.  Data  is  grouped  in  two  cases,  one  is  monthly  averaged  magnetic  active 
index  W/7 <  15 .  another  Ap>\5.  Averaged  diurnal  variations  of  monthly  median/^ 
shows  that  the  bigger  Ap  is.  the  bigger  averaged  monthly  median  f0F2  value,  and  that  the 
effects  of  the  magnetic  activity  is  more  important  in  lower  latitude  region.  Comparative  study 
with  the  !Ri  indicates  that  total  averaged  IRl  errors  are  bigger  in  higher  magnetic  activity 
than  in  lower.  Maximum  dev  iation  of  the  averaged  IRl  errors  from  higher  magnetic  activity 
to  lower  is  about  0.8MH/.  The  standard  deviation  of  the  IRl  demonstrates  an  important 
latitudinal  variation.  In  the  lower  latitude  region  south  of  Lanzhou  to  Haiou.  The  total 
standard  deviation  increases  with  the  decrease  of  latitude.  The  standard  deviation  increases 
with  the  increase  of  the  magnetic  activity.  In  middle  latitude  from  Lanzhou  to  Manzhouli.  the 
standard  deviation  keeps  stable  when  latitude  increases,  and  it  increases  with  the  increase  ot 
the  magnetic  acm  ity.  An  important  conclusion  of  this  study  is  that  the  effects  ot  magnetic 
activity  on  the  monthly  median  f()F}  are  considerably  important,  and  that  ignoring  the  effects 
is  a  main  source  of  IRl  errors. 


SHORT-TERM  CRITICAL  FREQUENCY  VARIATIONS  AND 
THEIR  PREDICTIONS  IN  THE  MIDLATITUDE  IONOSPHERIC 
F2  REGION 

I.  G.  Zakharov  (1)  and  O.  F.  Tyruov  (1) 

(1)  Kharkiv  State  University,  Kharkiv,  Ukraine. 

Oleg . F . TyrnovCuniver . Kharkov . ua 

Seasonal  and  diurnal  features  of  energy  transfered  from  the  auroral  ionospheric 
F2  region  into  that  at  midlatitudes,  as  well  as  the  impact  of  this  energy  relative 
to  the°energy  of  ionizing  radiation  on  short-term  critical  frequency  variations  in 
SfoF'2  have  been  investigated.  On  this  basis,  methods  of  short-  term  prediction 
of  midlatitude  ionosphere  8foF2  values  were  developed  using  the  indices  of 
solar  and  geomagnetic  activities:  the  accuracy  of  predictions  under  arbitrary 
solar  and  geophysical  conditions  is  estimated.  The  authors  have  been  supported 
by  Science  and  Technology  Center  in  Ukraine  Grant  471. 


THE  EFFECT  OF  THE  ELECTRON  DENSITY  PROFILE  VARIABILITY 
WITH  TIME  ON  THE  HF  CHANNEL  SCATTERING  FUNCTION 

N.N.  ZERNOV.  V.E.  GHEM 

Institute  of  Radio  Physics.  University  of  St  Petersburg.  St  Petersburg.  Russia 
and 

S.M.  RADICELLA 

International  Centre  for  Theoretical  Physics,  Trieste.  Italy 

The  use  of  vertical  electron  density  profiles  derived  from  ionospheric  models  or 
experimental  ionograms  to  obtain  the  variability  of  the  HF  radio  channel  scattering 
function  is  described.  Particular  attention  is  given  to  its  prediction  in  terms  of  time 
variations  of  the  vertical  profiles.  The  results  obtained  are  discussed  taking  into 
account  the  relative  effects  of  the  different  electron  density  vertical  distribution. 


A  REGIONAL  IONOSPHERIC  MODEL  FOR  THE  EXTENDED 
EUROPEAN  AREA 

B.  Zolesi  (l),  Lj.R.  Cander  (2)  and  G.  De  Franceschi  (1) 

(1)  Istituto  Nazionale  di  Geofisica,Italy,(2)  Rutherford  Appleton  Laboratory ,U.K. 
Zolesi® ingrm.it/Fax  :+39-6-5041181 

A  regional  ionospheric  model  of  the  standard  vertical  incidence  ionospheric  data, 
evolved  by  SIRM  (Simplified  Ionospheric  Regional  Model ) ,  see  Zolesi  et  al., Radio 
Science  ,Vol.28  N.4,  July  -August  1993  and  Vol.31  N3  May  June  1996,  and  applied 
to  a  more  extended  area  taking  into  account  the  consequences  of  high  latitude 
behaviour  and  of  longitudinal  effect,  is  reported  in  this  paper.  The  model  is  still 
based  on  the  Fourier  coefficients  coming  from  the  analysis  of  the  median  monthly 
values  of  the  ionospheric  parameters  measured  in  the  stations  of  the  European  and 
near  east  regions,  collected  under  the  COST251  (Improved  Quality  of  Service  in 
Ionospheric  Telecommunications  Systems  and  operation)  project. 
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ST11  New  results  on  the  dynamics  of  the  Earth’s 
magnetosphere  from  the  Interball 
multi-spacecraft  missions 

Convener:  Sauvaud,  J.-A. 

Co-Convener:  Zelenyi,  L.M. 


WAVES  AND  FIELDS  AS  TRACERS  OF  SOLAR  WIND  ENERGY  INPUT 
TO  THE  MAGNETOSPHERE:  INTERBALL-1  RESULTS. 

E.  Amata  (1),  S.  Klimov,  M.  Nozdrachev,  S.  Romanov,  S.  Savin,  A.  Skalsky, 

A.  Petrukovich,  V.  Romanov  (2),  J.  Blecki,  J.Juchniewicz,  (3),  J.  Buechner,  B. 
Nikutowski  (4),  V.  Ivchenko  (5),  V.Korepanov  (6),  J.L.Rauch,  J.G.Trotignon, 
M.Parrot  (7),  R.Grard  (8),  J.Rustenbach  (9),  P.Triska,  J.Vojta  (10) 

(1)  IFSI,  Roma,  (2)  IKI,  Moscow,  (3)  CBK,  Warsaw,  (4)  MPIAe,  Lindau,  (5)  Kiev 
U.,  (6)  SRI, Lviv,  (7)  LPCE,  Orleans,  (8)  ESTEC/ESA,  (9)  MPIEP,  Berlin,  (10) 
IAP,  Prague 
amata@ifsi.rm.cnr.it 

InterbalM  detected  ULF  wave  energy  densities  in  the  shocked  solar  wind  and 
outer  magnetosphere  up  to  some  tenths  of  the  solar  wind  kinetic  energy  density. 
We  make  use  of  characteristic  wave  and  field  signatures,  both  on  the 
raagnetospheric  frontside  and  in  the  nearest  tail,  for  the  identification  and  study  of 
raagnetospheric  boundaries  and  regions,  such  as  MSH,  mantle,  cusp,  LLBL.  The 
MSH  shocked  flow  is  marked  by  compressional  waves  (fast  magnetosonic,  "lion 
roars"),  wideband  ELF  wave  bursts  and  Alfvenic  vortexes,  accompanied  by 
accelerated  particles.  The  latter  incompressible  waves  tend  to  maximize  near  the 
magnetopause.  The  most  interesting  features  are:  (1)  wave  packets  with  amplitudes 
more  than  5  mV/m  and  10  nT;  (2)  current  sheets  and  filamentary  electrons  with 
scales  1-500  km;  (3)  wideband  bursts  with  ion  cyclotron  peaks;  (4)  low  hybrid 
range  waves  correlated  with  electrons  up  to  1-2  keV  mostly  parallel  to  magnetic 
field.  We  briefly  discuss  the  particle  heating  by  the  ULF  waves. 


PLASMASPHERE  DYNAMICS  ON  THE  DAYSIDE  AND  NIGHTSIDE  OF 
THE  MAGNETOSPHERE  FOR  DIFFERENT  LEVELS  OF  GEOMAGNETIC 
ACTIVITY 

V.  Bezrukikh,  G.  Kotova,  M.  Verigin,  (Space  Research  Institute,  Profsoyuznaya  uL 
84/32,  Moscow,!  17810;  vbez@romance.iki.rssi.ru), 

Yu.  Venediktov,  S.  Yemel’yanov,  (Polytechnical  University,  Odessa.  Ukraine). 

V.  Ivchenko(  State  University,  Kiev,  Ukraine) 

The  wide  angle  plasma  analysers  for  ion  spectra  measuring  in  the  energy  range  0  - 
25.5  eV  were  installed  on  board  both  the  Tail  and  the  Auroral  Probes  of  the 
INTERBALL  mission.  The  report  is  mainly  concerned  to  the  data  obtained  in 
September  -  November,  1996  with  the  modulating  analyser  on  board  the  Auroral 
Probe.  Since  the  orbital  period  of  the  Auroral  Probe  was  ~6  hours,  it  crosses  the 
plasmapause  on  heliocentric  distances  >  2  RE  8  times  per  day.  During  quiet 
geomagnetic  conditions  on  September  4  -  9  the  ptasmasphere  was  asymmetric  in  the 
day  -  night  direction.  In  the  daytime  the  plasmapause  was  located  on  L  -  4.6  on 
average,  while  its  average  night-time  location  was  at  L  -  3.8.  During  magnetically 
disturbed  period  on  September  21-25  the  day  -  night  asymmetry  was  not  observed. 
The  average  plasmapause  location  was  at  L  ~  3.1  but  sometimes  this  boundary  was 
crossed  at  L  -  2.6.  All  the  time  the  “breathing"  of  the  plasmasphere  was  observed, 
plasmapause  changed  its  position  in  less  than  12  hours  by  0.5  -  0.8  L  and  the 
dayside  and  nightside  boundaries  moved  practically  in  phase.  During  magnetically 
quiet  periods  in  the  region  adjacent  to  the  plasmapause  ion  fluxes  with  non 
Maxvellian  velocity  distribution  were  observed. 


VLF  Plasma  Wave  Observations  in  the  Polar  Cusp  onboard  MAGION-4 
Interball-1  Subsatellite. 

J.Blecki  (1),  K.Kossacki  (1),  R.Wronowski  (I).  Z.Nemecek  (4),  J.Safrankowa  (4), 
S.Savin  (2),  J.A.Sauvaud  (5),  S.Romanov  (2),  J.Juchniewicz(l),  S. Klimov  (2), 
P.Triska  (3),  J.Smilauer  (3),  J.Simunek  (3) 

(1)  Space  Research  Center  PAS  00-716  Warsaw,  Bartycka  18 A,  Poland,  (2)  Space 
Research  Institute  RAS  Profsoyuznaya  84/32, GSP-7  Moscow,  Russia,  (3)  Institute  of 
Atmospheric  Physics  ASC,  Bocni  II,  Prague,  Czech  Republic,  (4)  Charles  University, 
Prague,  Czech  Republic,  (5)  CESR,  Toulouse,  France 
jblecki@cbk.waw.pl 

Magion  -4  being  the  subsatellite  for  Interball-l  (Tail  Probe)  had  orbit  with  apogee 
about  3 IRE  and  inclination  650.  It  was  operating  from  Augustl995  till  September 
1997.  During  its  operation  time  many  crossings  of  the  outer  polar  cusp  were 
registered.  For  this  presentation  we  have  chosen  two  cusp  crossings-on  May  29th  1996 
and  May  1st  1997,  when  the  registered  low  frequency  plasma  waves  were  particularly 
strong.  The  characteristic  emissions  are  associated  with  lower  -  hybrid  and  electron 
cyclotron  frequencies.  The  comparison  of  the  plasma  spectra  and  magnetic  field 
measurements  from  Magion-4and  Interball- 1  with  plasma  wave  spectra  will  be  given. 


^SJSTOSPHERIC  CONFIGURATION  MODELING  AS  THE  PART  OF 
INTERBALL  PROJECT 


E.E.Antonova,  N.Yu.Ganushkina 

Skobeltsyn  Institute  of  Nuclear  Physics  Moscow  State  University, 
antonova@taspd.npi.msu.su/Fax:  +7-095-939-0896 

The  theoretical  part  of  INTERBALL  project  includes  inner  magnetosphere 
processes  analysis  which  may  be  the  source  of  magnetospheric  trap 
distortions  realized  like  magnetospheric  substorms  and  storms.  The  main 
results  of  such  analysis  are  reviewed.  Among  the  main  results  are  - 
introduction  of  coordinate  system  based  on  magnetic  flux  tube  volume 
isolines  for  high  latitude  processes  description,  -  analysis  of  inner 
magnetosphere  mechanism  of  Region  1  and  dawn-dusk  electric  field  support, 
-  development  of  self-consistent  theory  of  magnetospheric  processes  based 
on  global  plasma  pressure  stability  analysis.  During  the  analysis  it  became 
possible  to  show  that  the  use  of  existing  magnetic  field  models  for 
ionosphere-magnetosphere  mapping  can  bring  to  large  errors  due  to  ignoring 
of  powerful  diamagnetic  current  on  the  inner  plasma  sheet  border.  Theory 
selects  plasma  pressure  distribution  as  the  mam  parameter  which  must  be 
analyzed  as  crude  but  rather  informative  characteristic  of  magnetospheric 
plasma  trap.  The  importance  of  medium  scale  plasma  turbulence  research  is 
discussed.  It  is  shown  that  medium  scale  plasma  turbulence  may  be  one  of 
the  main  factors  of  plasma  trap  magnetostatic  equilibrium  support.  The 
perspectives  of  substorm  plasma  configuration  researches  are  analyzed 


THE  LARGE  AMPLITUDE  WAVE  ON  THE  DAYSIDE  MP 

N.Borodkova  (1),  S.Kokubun  (2),  R.P.Lepping  (3),  R.Lin  (4),  T.Mukai  (5), 
Z.Nemecek  (6),  C.Owen  (7),  G.Parks  (8),  T.Phan  (4),  S.Romanov  (1). 
J.Safrankova  (6),  J.-A.Sauvaud  (9),  D.G.Sibeck  (10),  S.Schwartz  (7), 
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Berkeley,  (5)  ISAS,  (6)  FMP  of  Charles  Univ.,  (7)  Queen  Mary  College,  (8)  Geo- 
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On  July  24,  1996  the  entire  magnetosheath  (MSH)  moved  past  the 
INTERBALL- 1  spacecraft  twice  within  8  min.  Such  rapid  inbound  and  out¬ 
bound  complete  transits  through  the  MSH  suggest  the  propagation  of  the  anti- 
sunward  moving  boundary  wave  with  an  amplitude  of  5  Re.  The  boundary  wave 
reached  Geotail  6  min.  later  than  INTERBALL  also  moved  in  an  antisunward 
and  northward  direction.  GOES-8  records  transient  decrease  in  the  magnetic 
field  strength  flanked  by  two  increases.  MP  movement  was  couple  to  the  iono¬ 
sphere  where  it  produced  impulsive  transient  events  and  auroral  brightening. 
Solar  wind  observations  indicate  no  changes  in  the  dynamic  pressure.  The  au¬ 
thors  interpret  the  event  on  this  day  in  terms  of  a  hot  flow  anomaly  (HFA) 
produced  by  the  interaction  of  a  solar  wind  tangential  discontinuity  with  the 
bow  shock  and  penetrated  to  the  MSH.  HFAs  can  provide  an  order  of  magni¬ 
tude  decrease  in  the  solar  wind  dynamic  pressure  giving  rise  to  large  amplitude 
MP  motion.  Several  of  the  features  associated  with  HFAs  were  identified  at 
both  INTERBALL-1  and  Geotail. 
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MULTI-SATELLITE  OBSERVATIONS  OF  THE  SUBSTORM 
DYNAMICS  DURING  THE  EVENT  ON  NOVEMBER,  14,  1996 
N.L.Borodkova  (1),  E.Yu.Budnick  (1),  Yu.I.Galperin  (1), 

R. A.Kovrazhkin  (1),  M.N.Nozdrachev  (1),  N.F.Pissarenko  (1), 

S. A. Romanov  (1),  J.-A.Sauvaud  (2),  V.Sergeev  (3),  A.A.Skalsky  (1), 
Y.X.Smimoy  (1),  G. A. Vladimirova  (1),  G.N.Zastenker  (1)  and  L.M.Zelenyi  (1) 

(1)  Space  Research  Institute  Russian  Academy  of  Sciences,  Moscow,  Russia, 

(2)  Centre  d’Etude  Spatiale  des  Rayonnements,  Toulouse,  France  ,  (3)  Institute 
of  Physics,  St.  Petersburg  University,  Russia. 
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We  investigate  the  dynamics  of  substorm  on  the  example  of  substorm  acti¬ 
vation  on  November  14,  1996.  The  data  of  INTERBALL-1  and  2  satellites 
as  well  as  ground  observations  were  used  in  the  analysis.  During  the  event 
INTERBALL-1  was  located  in  the  center  of  the  plasma  sheet  at  Xgsm—- 
24  Re -  while  INTERBALL-2  simultaneously  observed  substorm  like  auroral 
manifestations.  Analysis  of  the  dynamics  of  plasma  and  magnetic  field  indi¬ 
cates  injections  in  the  auroral  region  and  plasmoid  formation  downstream  of 
the  INTERBALL-1.  The  successful  orbit  configuration  enable  INTERBALL- 1 
to  spend  a  long  time  in  the  current  sheet  and  conduct  the  detailed  study  of 
plasmoid  properties. 


PLASMASHEET  RESPONSE  TO  MULTIPLE  SUBSTORM  ACTI¬ 
VATIONS 

T.  Bosinger  (1),  V.  A.  Sergeev  (2),  A.  G.  Yahnin  (3).  I.  A.  Kornilov  (3),  R.  J. 
Pellinen  (4).  T.  I.  Pulkinen  (4),  N.  L.  Borodkova  (5),  V.  N.  Iutsenko  (5),  M.  M. 
Nozdrachev  (5),  V.  I.  Prokhorenko  (5),  A.  A.  Skalsky  (5),  J.-A.  Sauvaud  (6). 
K.  Kudelav  (7),  M.  Slivka  (7),  E.  T.  Sarris  (8)  and  D.  Milling  (1) 

(1)  University  of  Oulu,  Oulu,  Finland,  (2)  State  Univ.  St.-Petersbg.. 
St. -Petersburg.  Russia,  (3)  Polar  Geophysical  Institute.  Apatity,  Russia. 
(4)  Finnish  Meteorological  Institute,  Helsinki,  Finland,  (5)  Space  Research 
Institute  RAN,  Moscow,  Russia,  (6)  CETP/CNRS,  Velizy.  France,  (7)  Inst. 
Exp.  Physics,  Kosice,  Slovakia,  (8)  Demokritos  Univ.  Thrace,  Xanthi,  Greece. 
(9)  Univ.  York,  York.  UK. 
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On  9  December  1995,  the  Interball-Tail  probe  passed  inbound  through  the 
midnight  sector  of  the  plasmasheet  (PS)  encountering  at  x  =  -10  to  ~12RE 
a  few  sequences  of  magnetic  field  stretching,  PS  thinning,  exit  to  the  lobe  and 
re-entry  into  the  PS  due  to  PS  expansion/dipolarization.  Each  sequence  was 
well  correlated  with  the  vortex-like  equivalent  substorm  current  structures.  Pf2 
and  PiB  magnetic  pulsations  and  other  substorm  parameters  observed  in  the 
conjugate  area  in  northern  Scandinavia,  although  most  of  them  had  very  weak 
ground  magnetic  effects  and  were  localized  to  latitudes  of  a  contracted  oval. 
Details  of  the  PS  response  to  multiple  substorm  activations  are  explored  with 
observations  both  deep  inside  the  PS  and  at  its  boundary.  Substorm  current 
wedge  effects  on  the  ground  and  in  the  PS  are  identified  and  a.o.th.  discussed 


STRONG  STORM  ON  OCTOBER  22,1996:  MULT  I  SPACE  CRAFT 
STUDY. 

E.  Budnick  (1),  N.  Borodkova  (1),  D.  Chugunin  (1),  A.  Fedorov  (1),  Yu. 
Galperin  (1),  H.  Koskinnen  (2),  R.  Kovrazhkin  (1),  V.  Lutsenko  (1),  M. 
Mogilevsky  (1),  A.  Petrukovitch  (1),  N.  Pissarenko  (1),  T.  Romantsova  (1), 
I.  Sandahl  (3),  J.-A.  Sauvaud  (4),  V.  Sergeev  (5),  A.  Skalsky  (1),  V.  Stepanov 
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(2)  Finnish  Meteorological  Institute,  Helsinki,  Finland,  (3)  Swedish  Institute 
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The  unique  possibility  to  conduct  multipoint  observations  of  strong  magne- 
tospheric  storm  (with  peak  Dst  value  of  -110  nT)  was  met  on  October  22. 
1996.  Storm  was  caused  by  passage  of  a  twostream  interface  region  in  the  so¬ 
lar  wind.  During  the  main  phase  a  set  of  substorm  onsets  was  detected.  The 
INTERBALL-Tail  probe  which  has  been  well  inside  the  plasmasheet  detected 
magnetopause  crossing  and  disappearence  of  plasmasheet  soon  after  the  first 
onset.  The  INTERBALL-  Auroral  simultaneously  observed  the  intensive  in¬ 
jections.  We  made  an  attempt  to  define  the  mechanism  of  strong  shrinking  of 
magnetospheric  size  and  estimate  energy,  injected  to  the  ring  current  and  pos¬ 
sible  energy  losses  to  the  distant  magnetotail.  We  discuss  the  possible  scenario 
of  storm  triggering  by  LLBL  processes. 


STRUCTURE  AND  PROPERTIES  OF  ENTRY  LAYER  UNDER 
DIFFERENT  ORIENTATION  OF  INTERPLANETARY  MAG¬ 
NETIC  FIELD. 

E.  Budnick  (1),  E.  Sheveleva  (1),  A.  Fedorov  (1),  N.  Borodkova  (1)  and  A. 
Scalsky  (1) 

(1)  Space  Research  Institute,  117810,  Profsojusnaia  st.,  84/32.  Moscow,  Russia, 
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INTERBALL-Tail  is  the  only  modern  satellite  crossing  the  region  of  ’’entry 
layer”,  where  cusp  field  lines  enter  the  magnetopause.  More  than  20  crossings 
of  this  region  under  different  interplanetary  media  conditions  give  information 
about  structure  of  the  ’’entry  layer”  and  magnetopause  at  the  cusp  throat. 
The  very  long  boudarv  layers  were  observed  in  this  region.  Im  most  cases  the 
behaviour  of  ion  fluxes  there  can  be  explained  with  reconnection  model.  The 
attempt  to  distiquish  the  cases  with  clear  reconnection  sign  and  ones  with 
turbulent  interaction  of  draping  magnetosheath  plasma  and  magnetospheric 
field  was  made.  The  dependence  of  the  type  of  interaction  on  the  direction  of 
the  interplanetary  magnetic  field  was  investigated.  It  was  shown,  that  in  many' 
cases,  the  population  of  boundary  layer  in  the  ”  throat”  consists  of  remained 
part  of  particles  precipitated  into  cusp. 


DISTRIBUTION  FUNCTIONS  OF  THE  THERMAL  H+,  He+ 
AND  0+  IONS  IN  DIFFERENT  ZONES  OF  THE  MAGNETO¬ 
SPHERE 

D.V.  Chugunin  (1),  Yu.I.  Galperin  (1).  T.M.  Muliarchik  (1).  L.V.  Zinin  (2), 
N.  Dubouloz  (3),  J.-J.  Berthelier,  M.  Malingre 
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HUPERBOLOID  instrument  on  Auroral  probe  satellite  measures  H+,  tfe+, 
O++  and  0+  ions  in  energy  bandwith  from  1  eV  till  80  eV.  Distribution  func¬ 
tions  of  these  ions  are  compared  in  different  zones  of  the  magnetosphere  (outer 
plasmaspliere,  magnetic  flux  tubes  above  diffuse  aurora,  above  auroral  oval  of 
discrete  forms,  and  above  the  polar  cap).  These  distribution  functions  also  are 
compared  with  theoretical  ’’polar  wind  . 


ANALYSIS  OF  3D  ION  DISTRIBUTIONS  OBSERVED  BY  INTERBALL  AP 
IN  THE  CLEFT  ION  FOUNTAIN 

N.  Dubouloz  ( 1 ).  M.  Malingre  { 1 ).  J.-J.  Berthelier  ( 1 ).  D.  Delcoun  ( l ).  Y.  Galperin 
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(2)  Space  Research  Institute.  Russian  Academy  of  Science.  Profsoyuznaya  str.. 
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INTERBALL  AP  was  launched  on  August  29.  1996.  After  more  than  one  year  of 
operation,  full  MLT  coverage  has  been  obtained  above  subauroral.  auroral  and  polar 
latitudes,  at  altitudes  from  (  10.000  up  to  (  20.000  km.  intermediate  between  those 
covered  by  FAST  and  POLAR.  The  thermal  ion  mass  spectrometer  experiment 
Hyperboloid,  on  board  Interball  AP.  provides  full  3D  ion  distributions  with  mass 
discrimination  (H-.  He^.  0-.  0++)  in  the  0-80  eV  range.  Using  combined 
measurements  by  the  thermal  ion  (HYPERBOLOID),  high-energy  ion  and  electron 
(ION),  and  low-frequency  electric  field  (IESP)  experiments,  we  present  results 
obtained  both  in  the  dayside  (cleft  ion  fountain,  magnetosheath  ion  injections  in  the 
cusp  region)  and  in  the  nightside  (low  energy  ion  conics,  identification  of 
magnetospheric  boundaries)  sectors.  Distributions  observed  at  the  equatorward  edge 
of  the  polar  cleft  region  reveal  strong,  altitude-cumulative  perpendicular  heating, 
probably  associated  to  wave-particle  interactions.  Further  poleward,  the  distributions 
evidence  significant  energy-latitude  dispersion,  characteristic  of  the  cleft  ion 
fountain.  These  distributions  are  analyzed  in  terms  of  energy  and  pitch-angle  spread 
in  order  to  deduce  the  properties  of  the  acceleration  region  where  they  originated. 
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FAST  VARIATIONS  OF  ION  FLUX  AND  IMF  IN  THE  EARTH'S 
FORESHOCK  REGION:  INTERBALL- 1  AND  MAGION-4  MEA¬ 
SUREMENTS. 

P.  Eiges  (1),  G.  Zastenker  (I),  M.  Nozdrachev  (1),  Yu.  Yermolaev  (1), 
J.  Safrankova  (2)  and  Z.  Nemecek  (2) 
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Fluctuations  of  the  solar  wind  ion  flux  and  interplanetary  magnetic  field  at  the 
foreshock  are  investigated  on  the  basis  of  INTERBALL-1  measurements  with 
time  resolution  from  1/16  s  till  1  s.  Ion  flux  and  IMF  variation  levels  were 
compared  with  type  and  dynamics  of  reflected  ion  spectra  and  unambiguous 
relations  between  them  were  found.  The  high  positive  correlation  (eorreletion 
coefficient  is  about  0.75)  of  ion  flux  and  IMF  variations  was  observed  at  the 
foreshock  region  that  significantly  differs  from  one  in  the  magnetosheath  and 
quite  solar  wind.  The  position  and  motion  of  foreshock  boundary  are  studied  by 
means  of  INTERBALL-1  and  MAGTON-4  measurements  and  some  preliminary 
results  are  discussed. 


PLASMA  COMPOSITION  IN  THE  OUTER  HIGH  LATITUDE 
MAGNETOSPHERE 

Ulrik  Eklund 
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The  high  inclination  (65°)  and  high  apogee  (203000Jbn)  of  the  Interball  satellite 
make  it  regularly  pass  through  the  outer  regions  of  the  magnetosphere,  for 
example  the  entry  layer,  the  exterior  cusp  and  the  mantle. 

The  PROMICS-3  particle  spectrometer  has  the  capability  to  distinguish  dif¬ 
ferent  ion  species  with  masses  up  to  64 a.m.u./q,  besides  energy  in  the  interval 
l-5eV  to  hOkeV.  detection  of  0+  and  He*  ions  indicates  that  the  plasma  de¬ 
tected  is  of  ionospheric  origin  as  well  of  solar  wind  origin.  Some  examples  of 
data  from  different  orbits  and  regions  are  presented  and  commented,  showing 
cases  where  plasma  of  ionospheric  origin  is  detected,  or  and  cases  when  it  is 
not.  Some  instrument  effects  are  also  discussed. 


STRUCTURE  OF  THE  FLANK  MAGNETOPAUSE  FOR  HORI¬ 
ZONTAL  IMF:  INTERBALL  OBSERVATIONS 
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Magnetic  reconnection  of  the  IMF  and  magnetospheric  field  lines  is  one  of 
the  most  probable  momentum  transfer  processes  across  the  magnetopause.  If 
the  By  component  of  IMF  is  dominant,  the  reconnection  can  occure  in  the 
wide  region  at  high  latitude  where  the  cusp  magnetic  field  lines  are  antiparallel 
to  draping  solar  wind  ones.  During  low  latitude  flank  magnetopause  crossing 
INTERBALL  satellite  observed  plasma  and  magnetic  field  behaviour  showing 
the  reconnection  process  occurs  at  high  latitudes  northward  the  spacecraft. 
The  high  energy  magnetospheric  ions  were  observed  in  magnetosheath  region 
and  D-shape  disribution  of  ions  of  the  magnetosheath  origin  was  registrated 
in  magnetosphere.  The  presense  of  the  90°  velocity  shear  leads  to  complex  3- 
dimensional  structure  of  magnetopause  and  transition  layer  in  the  vicinity  of 
the  reconnection  site.  The  magnetopause  in  this  case  could  not  be  described  as 
rotational  discontinuity  and  the  correct  deHoffman-Teller  frame  could  not  be 
found.  The  model  of  the  flank  magnetopause  in  the  presence  of  reconnection 
was  proposed  to  explain  the  observations. 


HIGH  LATITUDE  MAGNETOPAUSE  IN  THE  VICINITY  OF 
CUSP  DURING  STRONG  NORTHWARD  IMF.  EVIDENCE  FOR 
RECONNECTION. 
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The  stable  and  strong  northward  interplanetary  magnetic  field  on  May  29, 
1996  created  the  unique  opportunity  to  check  the  structure  of  high  altitude 
cusp  under  such  conditions.  The  reconnection  at  magnetopause  region  norht- 
ward  from  the  cusp  was  highly  expected.  The  INTERBALL  satellite  crossed 
magnetopause  in  vicinity  of  the  cusp  at  that  time.  The  complicated  ion  distri¬ 
bution  function  was  measured  in  magnetosphere  beneath  magnetopause.  Two 
antiparallel  magnetosheath-like  ion  streams  were  observed  during  rotation  of 
magnetic  field  associated  with  magnetopause  current  layer.  All  observed  fea¬ 
tures  can  be  explained  by  reconnection  occured  tailward  from  the  satellite.  The 
measurements  were  compared  with  MHD  simulations  with  good  agreement  in 
plasma  parameters  profile  as  well  as  the  topology  of  reconnection. 


OBSERVATIONS  OF  THE  AKR  AT  THE  ENTRIES  INTO  THE 
NIGHTSIDE  AURORAL  REGION  FROM  INTERBALL-2 
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Although  more  than  a  half  of  POLRAD  observation  time  is  covered  by  the  AKR 
emissions,  there  is  no  clear  evidence  of  crossing  of  their  sources  at  altitudes 
ranging  from  10  000  to  19  200  km.  Instead,  several  crossings  of  the  auroral 
acceleration  regions  can  be  associated  with  the  AKR  emissions  originating  from 
the  sources  located  along  the  magnetic  field  lines  well  below  the  spacecraft. 
We  have  concentrated  on  sporadic  AKR  events,  characteristic  for  their  sudden 
appearances  over  a  wide  frequency  range  of  hundreds  kHz,  lasting  for  a  few 
minutes.  The  radiation  appears  to  be  propagated  upwards  in  narrow  cones  of  a 
few  degrees  width  in  longitude,  from  the  whole  altitudinal  extent  of  the  sources. 
They  are  observed  mostly  in  the  pre-midnight  sector,  while  the  spacecraft  enters 
the  auroral  region.  It  is  discussed  whether  it  is  a  spatial  or  temporal  effect. 
Implications  for  the  AKR  generation  are  proposed. 


LARGE  SCALE  DYNAMICS  OF  THE  MAGNETOTAIL  DURING 
SUBSTORM  EXPANSION:  INTERBALL,  GEOTAIL,  IMP-8  OB¬ 
SERVATIONS 

C.  Jacquey  (1),  S.  Rouquette  (1),  J.A.  Sauvaud  (1).  D.  Popescu  (1).  H. 
Reme  (1),  S.I.  Klimov  (2).  S.A.  Romanov  (2),  R.P.  Lepping  (3).  D.G.Sibeck  (4). 
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We  report  substorm  observations  simultaneously  performed  with  INTERBALL. 
IMP-8  and  GEOTAIL  located  in  the  magnetotail.  Auroral  and  near-Earth  tail 
substorm  activity  are  analyzed  with  the  help  of  ground  magnetometers  and 
geosynchronous  satellites.  Using  WIND  data,  we  estimate  the  electromagnetic 
coupling  and  the  mechanical  stress  between  the  solar  wind  and  the  magne¬ 
tosphere.  The  substorm  induced  large  scale  magnetotail  reconfiguration,  tail 
current  changes  and  plasma  sheet  dynamics  are  analyzed  and  discussed.  We 
finally  attempt  to  organize  the  set  of  data  in  order  to  give  an  account  of  the 
global  response  of  the  magnetotail  to  substorm  expansion. 
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OBSERVATIONS  OF  ELECTRON  PITCH  ANGLE  DISTRIBU¬ 
TIONS  IN  THE  NIGHTSIDE  MAGNETOSPHERE  FOR  DIFFER¬ 
ENT  PHASES  OF  A  SUBSTORM. 

P.  Koperski  (1),  J.-A.  Sauvaud  (2),  R.  Smets  (3),  D.  Delcourt  (3),  S.  Ro¬ 
manov  (4)  and  N.  Borodkova  (4) 
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d  etude  des  Environnements  Terrestre  et  Plnetaire,  Velizy,  France,  (4)  Space 
Research  Institute,  Moscow,  Russia. 

The  Interball-  Tail  Electron  instrument  observations  are  presented.In  the  night- 
side,  mid  distance  magnetosphere,  different  types  of  electron  pitch  angle  dis¬ 
tributions  were  detected:  field  aligned,  loss  cone  and  ring  type,  depending  on 
particle  energy,  satellite  location  and  phase  of  geomagnetic  activity.  We  com¬ 
pare  different  cases  of  such  distributions,  relate  them  to  different  phases  of 
substorms  and  try  to  give  physical  explanation  of  theirs  generation  and  evolu¬ 
tion. 


GAPS  IN  THE  ION  SPECTRA  IN  THE  INNER  MAGNETO¬ 
SPHERE 

R.A.  Kovrazhkin  (1),  J.-A.  Sauvaud  (2),  D.C.  Delcourt  (3) 
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Deep  dropouts  in  the  ion  spectra  were  observed  by  mass  spectrometers  of  the 
ION  experiment  of  the  INTERBALL-Auroral  spacecraft.  The  dropouts,  ref- 
ered  to  as  "ions  gaps",  sometimes  are  rather  narrow  in  energy  range.  They 
are  registered  in  a  wide  MLT  band  in  the  dayside  magnetosphere  at  altitudes 
13  000  -  20  000  km  above  diffuse  aurora.  Two  types  of  gaps  are  considered: 
narrow  energy  range  A  -  gaps  (~  10.0  —  14.0  ke\  )  appear  in  the  evening  and 
morning  sectors;  while  B  -  gaps  (~  0.1  -  8.0  keV)  appear  throughout  the  day- 
side  with  energy  increasing  towards  lower  latitudes.  Modelling  of  the  respective 
ion  drift  trajectories  shows  that  A-type  nearly  monoenergetic  gaps  occur  on 
dosed  drift  paths  not  connected  to  the  plasma  sheet  source,  while  the  B-type 
gaps  develop  for  a  certain  range  of  ion  energies  for  which  the  residence  time  on 
a  drift  trajectory  is  higher  than  the  ion  lifetime  defined  by  ion  losses  due  to  ion 
charge  exchange  on  neutral  atoms  of  geocorona,  and  also  by  wave  -  particle 
interactions. 


AKR  AND  ASSOCIATED  EVENTS  :  FIRST  INTERBALL  2  RESULTS  ON 
PROPAGATION  CHARACTERISTICS 

F.  Lefeuvre,  M.  Parrot,  J.L.  Rauch  (1),  J.  Hanasz,  R.Schreiber(2),  M.  Mogilevsky  (3), 
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Waves  observed  in  the  10  Hz  -  2  MHz  frequeny  range  by  the  INTERBALL  2  satellite 
inside  regions  of  enhanced  flux  of  particles  are  presented.  High  altitude  AKR 
emissions  are  associated  with  VLF  aurora!  hiss,  ELF  emissions  well  above  the  local 
proton  gyrofrequency,  Broad  band  Electrostatic  Noise  and  electrostatic  turbulence. 
Waveforms  of  one  electric  and  three  magnetic  wave  field  components,  recorded  over 
short  time  intervals  (~  0.32s),  are  used  to  determine  the  main  propagation 
characteristics  of  the  waves  (sense  of  polarization,  degree  of  polarization,  ellipticity, 
wave  norm  at  direction).  When  it  exists,  the  Z  mode  L=0  low-frequency  cutoff,  is  used 
to  estimate  the  local  plasma  frequency.  The  value  so  obtained  may  be  quite  different 
from  the  auroral  hiss  high-frequency  cutoff.  Ellipticity  values  and  wave  normal 
directions,  estimated  under  the  plane  wave  approximation,  are  used  to  test  generation 
and  propagation  mechanisms. 


ALMOST  MONOENERGETIC  IONS  NEAR  THE  EARTH  S  MAGNETO¬ 
SPHERE  BOUNDARIES 

V.N.  Lutsenko  (1),  K.  Kudela  (2) 
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More  then  120  cases  of  energetic  ion  beams  with  energy  spectrum  consisting  of  1-3 
narrow  lines  were  observed  during  a  period  from  August  1995  to  September  1997  in 
the  Earth’s  magnetosheath  and  in  the  region  upstream  of  the  Earth's  bow  shock.  It  was 
done  in  a  course  of  DOK-2  experiment  onboard  of  Interball- 1  spacecraft.  The 
relative  width  at  half  maximum  of  these  lines  varied  from  5  to  30%,  therefore  we  use 
the  term  "Almost  Monoenergetic  Ions"  (AMI)  for  these  events.  The  fact  that  AMI 
events  were  not  observed  in  numerous  previous  experiments  can  be  explained  by 
short  duration  of  the  events  (~1  min)  and  insufficient  energy  resolution  of 
spectrometers  used  before.  Ion  energy  values  varied  for  different  events  from  30  to 
600  keV  but  are  almost  unchanged  during  each  event.  In  -50%  of  cases  there  were  2 
peaks  in  spectra  with  their  energies  ratio  of  1:2.  AMI  events  were  observed  when  the 
spacecraft  was  connected  with  the  magnetopause  by  magnetic  field  lines  and  the 
energetic  particle  telescope  was  directed  to  the  side  of  the  connection  point.  Such  line 
spectra  can  not  be  explained  by  models  of  particle  acceleration  or  escape  from  the 
magnetosphere  accepted  now.  We  deal  here  possibly  with  some  new  process  in  near 
Earth's  plasma  or  some  unexpected  manifestation  of  previously  known  processes. 
We  propose  a  hypothesis  explaining  main  features  of  AMI.  It  is  based  on  the 
assumption  of  an  electrostatic  Field  burst  in  small  region  on  the  magnetopause. 


SIGNATURES  OF  THE  SOFT  ELECTRON  PRECIPITATION  REGION  AT 
THE  POLEW  ARD  BOUNDARY  OF  THE  NIGHTSIDE  AURORAL  OVAL  : 
INTERBALL  AP  OBSERVATIONS 
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A  narrow  region  of  suprathermal  electron  precipitation  (energies  less  than  a  few 
hundred  eV)  is  often  observed  in  the  nightside  sector,  just  poleward  of  the  velocity 
dispersed  ion  precipitation  region.  The  analysis  of  data  from  the  thermal  ion  mass 
spectrometer  experiment  Hyperboloid  on  board  the  INTERBALL  auroral  satellite 
(measurements  of  full  3D  distribution  functions  in  the  0-80  eV  energy  range)  shows 
that  this  transition  region  between  the  open  field  lines  in  the  polar  cap  and  the 
plasma  sheet  boundary  layer  is  also  characterized  by  intense  fluxes  of  upgoing 
thermal  and  suprathermal  ions,  mainly  H+  and  sometimes  He+  and  0+.  The  energy 
spectrum  of  these  ions  extends  from  a  few  eV  up  to  a  few  hundred  eV.  The  pitch 
angle  distribution  covers  all  angles  between  90°  and  180°.  These  observations  made 
in  the  15000  -  20000  km  altitude  range  are  discussed  in  terms  of  combined  action 
of  ionospheric  ion  heating  at  low  altitudes  due  to  electron  precipitation  and  ion 
heating  or  scattering  all  along  the  field  lines,  together  with  the  transport  of  the 
plasma  in  the  convection  electric  field. 


THE  STRUCTURE  OF  THE  CUSP-MAGNETOSHEATH  INTER¬ 
FACE  UNDER  DIFFERENT  SOLAR  WIND  CONDITIONS 
J.  Merka  (1),  J.  Safrankova  (1),  Z.  Nemecek  (1),  O.  Santolik  (1),  A.  Fe¬ 
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The  paper  presents  results  of  the  INTERBALL-1  and  MAGION-4  observations 
of  the  high-altitude  cusp  and  magnetosheath  supported  by  the  WIND  solar 
wind  and  DMSP  low-altitude  measurements.  Statistical  processing  of  two  years 
of  MAGION-4  measurements  shows  the  presence  of  the  magnetosheath  like 
plasma  well  bellow  the  expected  magnetopause  position.  This  region  is  strongly 
turbulent  but  two  point  observations  of  shortly  spaced  INTERBALL-1  and 
MAGION-4  satellites  allow  us  to  distinguish  its  spatial  structure.  The  entry  of 
the  plasma  into  the  cusp  region  is  a  combination  of  the  steady  plasma  flow  along 
the  reconnected  magnetic  field  lines  and  the  bursty  injection  invoked  by  strong 
turbulent  processes  in  the  cusp-magnetosheath  boundary.  These  processes  seem 
to  be  controlled  by  both  solar  wind  parameters  and  the  interplanetary  magnetic 
field  direction.  The  analysis  of  the  data  indicates  significant  portion  of  the 
plasma  entering  magnetosphere  tailward  of  the  cusp  determined  from  DMSP 
observations. 


C  903 


II  is 


OBSERVATION  OF  ELECTROMAGNETIC  FIELD  AND 
PLASMA  IN  THE  MAGNETOSPHERE  ABOVE  TROMS0 
HF  HEATING  FACILITY 
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Joint  experiment  using  the  INTERBALL-2  (AURORAL  PROBE)  satellite  and 
the  EISCAT  ionospheric  heating  facility  were  carried  out  in  October-November 
1996.  In  these  experiment,  the  Tromso  HF  transmitter  was  amplitude  modu¬ 
lated  at  a  frequency  of  1733  Hz.  Signals  radiated  from  the  heated  region  in  the 
polar  electrojet  were  detected  aboard  the  satellite  at  this  frequency  during  two 
out  of  four  passes.  The  most  prominent  effects  were  encountered  on  27.10.96 
around  21.31  UT  during  7  minutes,  just  a  few  minutes  before  the  onset  of  a 
magnetic  substorm.  The  observations  include  a)  DC  electric  and  magnetic  fields 
variations,  b)  electromagnetic  turbulence  in  the  frequency  range  up  to  10  Hz, 

c)  broad  band  VLF  emission  around  modulation  frequency  and  subharmonic, 

d)  burst  of  0.1*6  keV  electron  and  proton  flux.  Possible  mechanisms  respon¬ 
sible  for  results  of  the  experiments  are  discussed,  assuming  that  they  can  be 
triggered  by  the  upstream  particle  flux  and  VLF  emissions. 


VARIATIONS  OF  THE  MAGNETOSHEATH  FLOW 
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Present  understanding  of  the  solar  wind  magnetosphere  interaction  is  based 
on  an  assumption  that  all  changes  of  the  solar  wind  dynamic  pressure  reach 
the  magnetopause  and  that  the  direction  of  the  interplanetary  magnetic  field 
controls  that  of  magnetosheath  field.  We  have  used  the  period  February  -  March 
1997  when  the  MAGION-4  and  INTERBALL-1  spent  significant  part  of  their 
orbits  in  the  magnetosheath  and  WIND  and  IMP-8  were  monitoring  solar  wind 
to  test  these  ideas.  The  analysis  of  simultaneous  solar  wind  and  magnetosheath 
observations  shows  that  the  problem  of  the  magnetosheath  flow  is  more  complex 
and  suggests  significant  corrections  of  our  knowledge  on  the  magnetosheath 
flow.  The  observed  long-  and  short-term  variations  of  the  magnetosheath  ion 
flux  cannot  be  explained  in  frame  of  the  present  models  and  our  results  indicate 
an  importance  of  the  interplanetary  magnetic  field  direction  in  the  formation 
of  the  magnetosheath  flow.  The  role  of  enhancements  of  accelerated  particle 
fluxes  is  discussed  for  observed  phenomena. 


INVESTIGATION  OF  A  POS¬ 

SIBLE  LONGITUTINAL  VARIATION  OF  =  RECONNECTION 
SIGNATURES  USING  INTERBALL-1  DATA 
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We  investigate  the  longitudinal  dependence  of  reconnection  signatures  =  ob¬ 
served  by  INTERBALL- 1  magnetometers  in  relation  with  auroral  =  sub¬ 
storms. =20  The  signatures  are  decreasing  Br,  plasma  sheet  thinning,  decreas¬ 
ing  =  or  negative  By  due  to  Hall  currents  and  bipolar  Bz  structures.  The  obser¬ 
vations  were  made  during  plasma  sheet  encounters  between  =  Xcsm  -  3D- 12 
and  —24  Re  and  between  Ygsm  =  3D— 11  and  =  +12  Re.  They  appeared  from 
minutes  to  tens  of  minutes  before  auroral  substorm  =  onsets,  determined  by 
magnetograms,  meridian  scanning  photometers  and  =  radar  observations.  In 
all  cases,  INTERBALL  recognized  magnetic  =  oscillations  in  the  Pi2-pulsation 
frequency  range.  In  one  case,  the  INTERBALL-1  and  WIND  spacecraft  were 
observing  similar  =  features  at  the  same  time  but  at  opposite  flanks  of  the 
tail. =20  The  observations  agree  well  with  the  theoretical  prediction  of  a  = 
transition  to  globally  coherent  reconnection  during  substorms  (cf.  =  Biichner 
et  al..  session  ST  12,  this  EGS  meeting). 


ULF  WAVES  OBSERVED  IN  THE  AURORAL  REGION  BY  THE 
INTERBALL  AURORAL  PROBE 
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Electrostatic  and  electromagnetic  waves  in  the  ULF  frequency  range  (0.1-10  Hz)  are 
commonly  detected  in  the  altitude  range  (10.000-20.000  km)  covered  by  the 
INTERBALL  Auroral  probe.  The  good  sensitivity  of  the  triaxial  search-coil 
magnetometer  and  of  the  3  pairs  of  electric  sensors  allows  to  determine  without 
ambiguity  the  characteritics  of  the  waves  which  are  amplified  in  this  region  and/or  can 
propagate  through  it.  The  analysis  of  electron  and  ion  distributions  leads  to  conclude 
that,  even  at  the  apogee  (20.000  km),  parallel  potential  drop  develops.  At  the  same 
time  we  observe  Alfvenic  fluctuations,  which  suggest  that  the  parallel  electric  field  is 
related  with  the  Alfvlln  waves.  A  careful  analysis  of  the  spectrum  of  the  ULF 
emissions  shows  that  in  addition  to  the  Alfvenic  electromagnetic  fluctuations, 
electrostatic  waves  are  sometimes  detected;  we  present  examples  where  these 
electrostatic  emissions  are  amplified  at  frequencies  ~FO+.  The  typical  shape  of  the 
electron  distributions  observed  simultaneously  leads  to  interpreted  these  waves  as 
current  driven  instabilities. 


OBSERVATIONS  OF  ENERGETIC  PARTICLES  INJECTION  AT 
INTERBALL-TAIL  PROBE  DURING  SUBSTORMS  ON  OCTO¬ 
BER  22-23,  NOVEMBER  14-15  AND  DECEMBER  22,  1996. 
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We  present  the  observations  of  energetic  particles,  plasma  and  magnetic  field 
during  three  big  magnetic  substorms  in  1996.  These  results  were  obtained 
by  using  data  of  energetic  particle  spectrometers  SKA-2  and  DOK-2,  plasma 
spectrometers  PROMICS-3  and  CORALL  and  magnetometer  MIF-M  onboard 
Interball-Tail  Probe  satellite.  Main  part  of  these  periods  Interball-Tail  Probe 
was  located  within  the  piasmasheet  at  the  distance  of  about  10-22  Re.  One 
of  the  interesting  features  of  these  events  was  the  appearence  of  charged  par¬ 
ticles  with  energy  close  to  1  MeV  during  the  recovery  phase.  We  can  assume 
two  mechanisms  of  acceleration.  One  is  large-scale  acceleration  associated  with 
dawn-dusk  electric  field  and  the  other  is  small-scale  acceleration  due  to  local 
reconnection  processes  in  the  disturbed  piasmasheet. 


WAVE  PACKETS  OBSERVATIONS  IN  THE  EARTH’S  CUSP  REGION,  AT 
THE  MAGNETOPAUSE  AND  INSIDE  OF  THE  PLASMA  SHEET  BY  THE 
MEASUREMENTS  ON  BOARD  INTERBALL-TAIL  PROBE. 

S.Romanov  (1),  S.KIimov  (1),  VJLutsenko  (1),  S.Savin  (1),  V.Romanov  (1), 
N.  Borodkova  (1).  Yu.  Yuchniewich  (2),  J.-A.  Sauvaud  (3). 
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A  new  method  of  the  wave  analysis  based  on  the  ‘scalar’  and  ‘vector’  correlative 
dependencies  have  been  developed  and  applied  to  the  magnetic  field  data  from 
INTERBALL-1  satellite.  It  provides  the  efficient  spectral  analysis  of  vector  variables 
and  gives  wave  vector  angular  distributions  and  polarization  states  of  the 
electromagnetic  and  MHD  plasma  waves.  The  ULF  wave  properties  are  studied  in 
the  three  different  regions  of  the  magnetosphere:  in  the  high-latitude  cusp  region,  at 
the  magnetopause,  and  in  the  plasma  sheet,  during  the  higher  level  of  wave  activity. 
The  discrete  wave  packets  are  characteristic  for  the  low  frequency  variations  in  all 
these  regions.  Various  events  differ  from  one  another  by  the  wave  mode 
composition.  The  ion-cyclotron  wave  packets  in  correspondence  to  various 
ionospheric  ion  species  are  found  in  the  high  altitude  cusp  region  and  in  the  tail 
plasma  sheet.  In  contrast,  the  spectra  composed  completely  from  packets  of  the 
linearly  polarized  compression  mirror  waves  were  observed  nearby  the  high  latitude 
magnetopause  in  time  of  the  strong  magnetosphere  compression  under  the  blow  of 
the  high  density  plasma  cloud  coming  from  the  Sun  on  January  1 1,  1997. 
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FLANK  MAGNETOPAUSE  POSITION  ANP  ITS  VARIATIONS 

J.  Safrankova  (1),  Z.  Nemecek  (1);  L.  Pfech  (1),  G.  Zastenker  (2),  N.  Niko¬ 
laeva  (2),  A.  Skalsky  (2)  and  D.  Sibeck  (3) 
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kins  University,  Laurel,  USA. 
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The  position  of  the  magnetopause  (MP)  is  determined  by  the  solar  wind  dy¬ 
namic  pressure  and  interplanetary'  magnetic  field  (IMF)  direction.  Statistical 
processing  of  thousands  of  observed  magnetopause  crossings  led  to  the  develop¬ 
ment  of  various  models  which  well  predict  the  size  and  shape  the  magnetopause 
in  the  subsolar  region  but  the  spread  of  experimental  points  around  the  mean 
surface  is  rather  high  on  the  flanks.  Our  analysis  of  the  simultaneous  solar  wind 
(WIN’D),  magnetosheath  and  magnetopause  (IN’TERB ALL-1  and  MAGION- 
4)  observations  shows  three  sources  of  this  spread.  First  of  them  are  long-term 
variations  of  the  magnetosheath  density  which  do  not  correspond  to  the  changes 
in  the  solar  wind,  the  second  is  connected  with  transient  enhancements  or  de¬ 
pletions  of  the  magnetosheath  density  and  the  third  can  be  attributed  to  the 
instability  of  the  magnetopause  itself.  The  [\IF  may  control  both  the  external 
(magnetosheath)  and  the  internal  (plasma  sheet)  boundary  conditions  for  the 
flank  MP  processes  and  thus  it  may  contribute  to  all  three  sources. 


PROMICS-3  INVESTIGATIONS  OF  PLASMA  ENTRY  INTO 
THE  MAGNETOSPHERE 

Ingrid  Sandahl  (1),  Ulrik  Eklund  (1),  Hannu  Koskinen  (2),  Anssi  Malkki  (2) 
and  Elena  Yu.  Budnick  (3) 
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Russia. 
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In  this  paper,  results  from  the  PROMICS-3  instrument  concerning  plasma  en¬ 
try  into  the  magnetosphere  will  be  reviewed.  A  very  interesting  aspect  of  the 
Interball-1  measurements  is  that  they  seem  to  indicate  that  plasma  entry  takes 
place  not  only  in  the  cusp,  but  also  through  many  other  parts  of  the  mag¬ 
netopause.  PROMICS-3  finds  plasma  of  magnetosheath  type  in  several  places 
other  than  the  cusp,  both  on  the  dayside  equatorward  of  the  cusp  and  on  the 
nightside  inside  the  magnetopause. 

Interball-2  sees  dispersion  structures,  both  in  the  morningside  and  in  the 
eveningside.  Such  structures  have  earlier  been  studied  by  Viking  and  have 
been  interpreted  as  the  low  altitude  signature  of  injections  of  magnetosheath 
plasma.  We  present  one  example  from  October  4.  1996,  in  which  PROMICS-3 
on  Interball- 1  measured  a  very  structured  magnetopause  with  several  alter¬ 
nating  regions  of  tail  ward  and  earthward  flowing  plasma,  while  PROMICS-3 
on  Interball-2  measured  dispersion  structures  above  the  conjugate  morningside 
auroral  oval. 


STATISTICAL  STUDY  OF  PARTICLE  FLUXES  IN  THE  MAG¬ 
NETOSPHERE 

O.  Santolfk,  J.  Safrankova,  Z.  Nemecek  and  L.  Pfech 
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The  spacecraft  pair  consisting  of  the  IXTERBALL  1  and  MAGIOX-4  satellites 
often  encountered  electron  fluxes  of  different  origin.  We  present  a  statistical 
analysis  of  these  encounters  based  on  a  large  data  set.  W re  use  the  data  pro¬ 
vided  by  the  VDP  Faraday’s  cups  during  20  months  of  operational  period  of 
Magion-4  satellite  between  August  1995  and  September  1997.  We  construct 
spatial  distributions  of  particle  fluxes  as  the  relative  occurrence  rates  in  dif¬ 
ferent  regions  scanned  by  the  IXTERBALL  orbit.  The  spatial  distributions  of 
electron  fluxes  show  two  principal  regions  of  occurrence  in  the  magnetotail: 
(a)  near  the  magnetospheric  boundary  layers  (b)  near  the  plasma  sheet.  The 
distributions  further  depend  on  the  geomagnetic  activity  and  on  the  direction 
of  the  interplanetary  magnetic  field. 


INTERBALL  AND  POLAR  CORRELATED  MEASUREMENTS 
OF  VELOCITY  DISPERSED  IONS  INSIDE  AURORAL  SURGES 

J.  A.  Sauvaud  {1),  D,  Popescu  (1),  G.  K.  Parks  (2),  M.  Brittnacher  (2),  D. 
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We  report  on  the  frequent  occurrence  of  nightside  ion  dispersion  structures  mea¬ 
sured  onboard  the  IXTERBALL- AURORAL  satellite  at  an  altitude  of  about  3 
Re,  near  the  boundary  between  the  polar  cap  and  the  auroral  zone.  Ion  energy- 
dispersions  are  related  to  the  occurence  of  auroral  surges  simultaneously  mea¬ 
sured  by  the  UVAI  camera  onboard  POLAR.  Northward  of  the  surge,  fluxes  of 
low  energy  electrons  are  systematically  detected.  More  deeply  into  the  surge, 
intense  fluxes  of  keV  electrons  are  associated  with  energy  dispersed  keV  ions 
and  with  ion  conics.  As  IXTERBALL  progresses  southward,  clear  repetitive 
dispersion  structures  indicative  of  the  bounce  of  injected  hydrogen  ions  can 
be  detected.  From  ion  dispersions  we  try  to  infer  the  location  of  the  injection 
region.  Initial  computations  indicate  a  source  distance  to  the  satellite  as  close 
as  10  Re.  We  finally  present  electromagnetic  field  data  showing  evidence  for  the 
development  of  the  auroral  surge  in  association  with  the  detection  of  Alfven 
waves. 


THE  CUSP/MAGNETOSHEATH  CONNECTION:  MAGNETOPAUSE 
INDENTATION  AND  TURBULENT  BOUNDARY  EFFECTS 
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We  present  results  of  the  cusp/  magnetosheath  interface  study  by  Interball- 1  and 
Magion-4.  The  comparative  Polar  data  are  also  discussed  along  with  modelling 
results.  Significant  MP  indentation  both  in  the  X  and  Y  directions  is  found.  It  can 
result  in  die  turbulent  mixing  driven  by  the  MSH  flow  interaction  with  the 
deformed  MP.  Cusp  field  lines,  which  crossed  turbulent  boundary  layer  (TBL), 
experience  essential  stochastic  behavior  but  on  average  provide  topological 
connection  between  the  cusp  and  magnetosheath.  This  picture  differs  dramatically 
from  the  laminar  reconnection  one  at  the  low  latitudes  that  is  characterized  by  the 
presence  of  rather  smooth  accelerated  ion  flows  versus  the  detected  ion  heating  and 
bursty  accelerations  in  the  TBL.  In  the  TBL  ULF  waves  with  amplitudes  more  than 

O. 3  of  the  total  magnetic  field  serve  as  the  intermediate  chain  in  the  SW  energy 
transformation. 


ROTATIONAL  WAVES  AT  THE  FLANK  MAGNETOPAUSE 
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Observations  carried  out  in  the  scope  of  the  INTERBALL  project  near  the  flank 
magnetopause  reveal  a  very  complex  transition  between  the  magnetosheath  and 
the  Earth’s  magnetosphere.  Both  magnetic  field  and  plasma  measurements  in¬ 
dicate  that  it  consists  of  thin  layers  (filaments)  observed  in  association  with 
the  large  amplitude  rotational  (Alfven)  waves.  Properties  of  these  waves  are 
presented  and  possible  hypothesises  on  their  origin  are  discussed  by  using  the 
simultaneous  measurements  performed  onboard  the  INTERBALL-TAIL  space¬ 
craft  and  MAGION  subsatellite. 
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EVOLUTION  OF  THE  ELECTRON  PITCH  ANGLE  DISTRIBU¬ 
TIONS  DURING  DIPOLARIZATION  PHASE  OF  SUBSTORMS 
OBSERVED  BY  INTERBALL-TAIL. 
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During  the  dipolarization  phase  of  magnetospheric  substorms,  the  same  evolu¬ 
tion  of  the  electron  pitch-angle  distribution  is  often  observed.  When  crossing 
the  plasma  sheet  inward  from  the  outer  edge,  ELECTRON  experiment  on¬ 
board  INTERBALL-TAIL  exhibits  :  (i)  a  beam-like  structure  aligned  with  the 
magnetic  field,  (ii)  a  butterfly-like  distribution  with  enhanced  density  at  inter¬ 
mediate  pitch  angles,  (iii)  a  pancake-like  distribution  with  enhanced  fluxes  in 
the  perpendicular  direction.  Those  structures  are  observed  in  the  near  tail  {at 
about  8  Re),  and  are  linked  to  the  spatial  displacement  of  the  spacecraft.  This 
evolution  of  pitch-angle  distributions  can  be  described  using  the  conservation 
of  the  first  two  adiabatic  invariants.  Quite  near  the  earth,  betatron  heating  is 
a  much  more  efficient  process  that  Fermi  acceleration  but.  in  a  realistic  mag¬ 
netic  field  model,  Fermi  acceleration  dominantes  for  L-shell  greater  than  6-8 
Re  because  of  the  shape  of  the  magnetic  field  line. 


STUDY  OF  COMPRESSIONAL  PCS  WAVES  IN  DAWN  PLASMA 
SHEET  BY  MEANS  OF  INTERBALL-1 
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Compressional  waves  of  the  Pc5  frequency  range  are  studied.  Magnetic  field 
and  plasma  data  are  taken  for  the  October  1995,  when  Interball-Tail  was  pass¬ 
ing  the  dawn  flank  of  the  magnetosphere.  Anti-phase  variations  of  magnetic 
field  and  ion  plasma  pressures  at  the  plasma  sheet  are  analyzed.  Method  of 
search  for  morphological  dissimilarities  in  two  time  series  is  applied.  Power 
spectra  are  obtained  in  terms  of  Maximum  Entropy  Method  and  Maximum 
Likelihood  Method,  and  characteristic  frequencies  of  the  wave  processes  are  es¬ 
timated.  Magnetic  field  disturbances  along  and  transverse  to  the  local  field  line 
are  evaluated.  The  vortical  flows  were  found  to  be  probably  associated  with 
these  waves.  Dependency  of  obtained  power  spectra  on  a  number  of  plasma 
parameters  and  consistency  with  theoretical  predictions  are  discussed. 


ON  THE  INTERBALL-2  ELECTRIC  POTENTIAL 
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The  results  on  the  S/C  electric  potential  in  respect  to  plasma  from  the 
INTERBALL-2  satellite  (Auroral  Probe)  are  presented  and  analyzed  together 
with  the  data  on  thermal  plasma.  The  data  indicate  relatively  low  S/C  po¬ 
tentials  till  the  apogee  (—  19000  km)  and  are  shown  to  be  consistent  with  the 
model.  Possible  influence  of  the  S/C  potential  on  the  onboard  thermal  plasma 
measurements  just  outside  the  plasmapause  is  analysed  and  examples  are  shown 
using  the  data  measured  by  different  instruments  onboard  the  INTERBALL-2. 
The  INTERBALL-2  potential  variations  dependence  on  environment  plasma 
parameters  during  distorbed  and  quiet  periods  is  analysed. 


SUBSTORMS  AND  PSEUDO-BREAKUPS  AS  SEEN  FROM  COORDINATED 
INTERBALL,  GEOTAIL,  LANL,  AND  GROUND-BASED  OBSERVATIONS 
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Brief  overview  of  several  substorm  case  studies  made  on  the  basis  of  observ  ational 
campaigns  of  November,  1995  and  November,  1996  is  presented.  During  the  intervals 
the  Interbal!  Tail  spacecraft  apogee  was  in  the  night  side  magnetosphere.  The  Interball 
observations  have  been  strongly  supported  by  the  Geotail  and  LANL  spacecraft.  The 
considered  events  include  various  auroral  activations:  pseudo-  breakups,  substonms  on 
contracted  oval,  substorm  onsets  at  latitudes  of  the  expanded  oval,  etc.  The 
consideration  allows  us  to  make  two  main  conclusions.  The  first  one  is  that  there  is  no 
principal  difference  between  magnetospheric  manifestations  of  pseudo-breakups  and 
"real"  substorms.  The  second  conclusion  is  that  auroral  breakups  show  very  clear 
association  with  the  near-Earth  neutral  line  and  plasmoid  signatures.  We  did  not  found 
any  significant  delay  between  ground-  based  and  magnetospheric  signatures  of  the 
substorm  onset. 


MAGNETOSPHERE  RESPONSE  TO  MAGNETIC  CLOUDES:  IN¬ 
TERBALL  MULTI-SATELLITE  OBSERVATIONS 
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Several  unusual  features  related  to  the  interaction  of  magnetic  clouds  with 
Earth’s  magnetosphere  as  observed  on  the  INTERBALL  satellites  during  1995- 
1997  are  discussed.  The  main  cause  of  magnetospheric  disturbances  is  high 
pressure  pulses  on  leading  and  trailing  edges  of  clouds.  Interactions  of  clouds 
with  the  magnetosphere  results  in  its  compression  and  deformation,  large  scale 
motions  of  the  magnetic  tail  and  initiations  of  substorms.  Several  important 
consequences  of  these  processes  were  (1)  observations  of  magnetospheric  re¬ 
gions  and  boundaries  much  closer  to  the  Earth  than  on  average;  (2)  increases 
of  density  and  temperature  in  outer  regions  of  magnetosphere;  (3)  multiple 
crossings  of  geomagnetic  tail  boundaries  presumably  due  to  tail  flapping,  and 
(4)  bursty  fluxes  of  high  energy  ions  and  electrons  in  the  auroral  region  and 
polar  cap. 


THE  PLASMA  SHEET  ASYMMETRY  AS  FUNCTION  OF  IMF 
Bz  AND  By :  TAIL  PROBE  OBSERVATIONS 
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In  accordance  with  orbit  evolution  at  period  from  the  middle  of  September. 
1995  to  the  end  of  February,  1996  the  satellite  passes  the  plasma  sheet  at 
regular  interval  of  about  4  days  in  geomagnetic  time  regions  of  6-0  and  then 
24-18  LT  and  at  geocentric  distances  from  3  to  28  Earth’  radii.  On  the  basis 
of  plasma  and  magnetic  field  observations,  the  positions  of  plasma  sheet,  mag¬ 
netic  field  distribution  there  and  their  statistical  dependence  on  the  IMF  By 
and  B -  componets  are  studied  and  compared  with  previous  results  and  models. 
Prelimenary  results  showed  that  the  plasma  sheet  shifts  in  +5hs.V  direction 
when  the  IMF  By  is  negative  and  in  —\'gsm  direction  when  the  IMF  By  is  pos- 
sitive.  Asymmetry  is  studied  with  larger  statistics  and  compared  with  previous 
results  and  models. 
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INTERBALL  DUAL-SPACECRAFT  OBSERVATIONS  OF  SERIE 
OF  SUBSTORMS  ON  DECEMBER  22-23,  1996 

Yu.  I.  Yermolaev  (1),  N.  L.  Borodkova  (1),  E.  Yu.  Budnik  (1),  D.  V. 
Chugunin  (1),  A.  0.  Fedorov  (1),  Yu.  I.  Galperin  (1),  R.  A.  Kovrazhkin  (1), 
V.  N.  Lutsenko  (1),  M.  M.  Mogilevsky  (1),  M.  N.  Nozdrachev  (1),  A.  A. 
Petrukovich  (1),  N.  F.  Pissarenko  (1),  S.  A.  Romanov  (1),  S.  P.  Savin  (1), 
J.-A.  Sauvaud  (2),  A.  A.  Skalsky  (1),  V.  N.  Smirnov  (1),  V.  A.  Stepanov  (1) 
and  L.  M.  Zelenyi  (1) 

(1)  Space  Research  Institute,  Moscow  117810,  Russia,  (2)  CESR/CNES, 
Toulouse,  France. 

yermolCafed.iki.rssi.ru/Fax:  [7]  095  310  7023 

Optimal  orbits  of  INTERBALL  Tail  and  Auroral  Probes  allowed  us  to  study 
the  cause-and-effect  relationships  between  the  plasma  processes  in  the  geomag¬ 
netic  tail  and  in  the  auroral  particle  acceleration  region  for  multiple  substorm 
events  on  December  .22-23, 1996.  This  time  interval  was  characterized  by  almost 
constant  solar  wind  pressure  ~1.2  nPa;  IMF  Bz  component  returned  southward 
at  ~11.20  UT  on  December  22  and  was  negative  till  '—12.00  .UT  next  day.  At 
~  12.00  UT  on  December  22  the  ground  stations  observed  beginning  of  the 
strong  magnetic  disturbance,  and  although  IMF  was  relatively  constant  there 
were  also  two  substorms  at  ~22.00  on  December  22  and  ~2.00  UT  on  Decem¬ 
ber  23.  The  several  features  of  the  events  observed  by  Tail  and  Auroral  Probes 
are:  (1)  disruption  of  plasma  sheet  and  neutral  sheet  current;  (2)  motion  of 
plasmoid  in  the  plasma  sheet;  (3)  injections  of  ion  and  electron  beams  into  the 
auroral  region;  (4)  appearence  of  strongly  enhanced  energetic  particle  fluxes. 


ST12  Theory  and  simulations  of  solar  system 
plasmas 

Convener:  Blichner,  J. 

Co-Convener:  Belmont,  G. 


M.  Berthomier  (1),  R.  Pottelette  (1),  and  R.  Treumann  (2) 

(1)  CETP,  4  Avenue  de  Neptune,  94107  Saint-Maur  Cedex,  France,  (2)  Max-Planck 
Institut  fur  extraterrestrische  Physik,  D-8046  Garching,  Germany 
matthieu.berthomier®  cetp.ipsI.fr/Fax  :  +33  1  4889  4433 

In  a  collisionless  low- [3  plasma  (P«l),  finite  Larmor  radius  effects  and  electron 
inertia  effects  lead  to  the  modification  of  the  Alfven  wave  into  the  so-called  kinetic 
Alfven  wave.  In  their  nonlinear  regime,  these  dispersive  waves  may  form  Solitary 
Kinetic  Alfv€n  Waves  (SKAW).  They  take  the  form  of  a  localized  plasma 
compression  or  rarefaction.  They  are  associated  with  a  perpendicular  electric  and 
magnetic  perturbation  and  with  a  parallel  electric  field.  In  the  presence  of  a  single 
electron  population,  they  propagate  either  at  the  Alfven  velocity  or  at  the  ion- 
acoustic  velocity.  We  studied  SKAW  in  a  two  electron  temperature  plasma  for  an 
extended  range  of  plasma  parameters.  It  is  shown  that  the  inertia  of  the  cold  electron 
component  allows  the  existence  of  compressive  and  rarefactive  SKAW  wich 
propagate  at  the  electron-acoustic  velocity.  Similarly,  thanks  to  the  ion  inertia  and  to 
the  presence  of  the  hot  electron  population,  rarefactive  ion-acoustic-like  SKAW  may 
exist  in  such  a  plasma.  The  parametric  study  of  these  structures  shows  the 
connection  between  these  different  kind  of  solitary  waves  and  gives  their  typical 
electric  and  magnetic  profiles.  Possible  applications  of  such  theoretical  studies  to 
magnetospheric  and  solar  physics  will  be  set  out. 


SUBSTORM  ONSET  AS  A  TRANSITION  TO  GLOBALLY  CO¬ 
HERENT  RECONNECTION 
J.  Buchner  and  J.-P.  Kuska 

Max-Planck-Institut  fur  Aeronomie,  Max-Planck-Strafie  2,  37191  Katlenburg- 
Lindau,  Germany. 

buechnerClinmpi.mpg.de/Fax:  [49]  5556  979  295 

We  show  that  micro-reconnection  can  always  take  place  in  magnetotail-like 
structures.  Special  conditions  must  be  fullfilled,  however,  in  order  to  allow  a 
transition  to  large  scale  reconnection.  The  appearance  of  sufficient  dissipation 
by  wave-particle  resonances  or  inertial  effects  causes  the  transition  to  large 
scale  coherent  reconnection.  We  demonstrate  the  possible  evolutions  toward 
large  scale  reconnection  by  means  of  kinetic  simulations  and  derive  resulting 
thresholds  and  criteria  of  substorm  initiation. 


REMOTE  DETERMINATION  OF  RECONNECTION  PARAME¬ 
TERS  BY  THE  ENERGETIC  H+,  HE++  AND  0+  ION  SPEC¬ 
TRA 

J.  Buchner,  J.-P.  Kuska,  B.  Wilken  and  Q.  Zong 

Max-Planck-Institut  fur  Aeronomie,  Max-Planck-Strafle  2,  37191  Katlenburg- 
Lindau,  Germany. 

buechner01inmpi.mpg.de/Fax:  [49]  5556  979  295 

The  time-of-flight  spectrometer  HEP-LD  onboard  GEOTAIL  has  measured  the 
spectra  of  higher  energy  H+,  He++  and  0+  ions,  flowing  eartward  and  anti- 
sunward  in  the  Earth  magnetotail  (cf.  Zong  et  al.,  J.  Geophys.  Res..  1997; 
1998).  We  show  that  the  spectra  can  be  well  explained  as  being  formed  due  to 
acceleration  by  magnetic  reconnection.  A  fitting  of  the  observed  curves  with  the 
theoretically  predicted  spectrum  allows  the  determination  of  major  parameters 
of  reconnection. 


WAVE-PARTICLE  INTERACTIONS  TO  BE  MEASURED  BY 
CLUSTER:  MODELLING  THE  DWP  PARTICLE  CORRELATOR 
A.M.  Buckley  and  M.P.  Gough  [1],  C.G  MouikU  [2],  S.C.  Chapman  [3],  H. 
Allevne,  K.H.  Yearby  [4],  N.W.  Watkins  [3,5] 

[ljSpace  Science  Centre,  University  of  Sussex,  Faimer,  Brighton,  England 
/email:  A.M. Buckleyfiisussex.ac.uk,  [2]MPAe,  D-37191,  Katlenburg-Lindau, 
Germany,  [3]Space  and  Astrophysics  Group,  University  of  Warwick,  Coventry, 
England,  [4]ACSE,  Sheffield  University,  England,  [5]UASD,  BAS,  Madingley 
Road,  Cambridge,  England. 

The  Particle  Correlator  module  of  the  Cluster  DWP  (Digital  Wave  Process¬ 
ing)  experiment  is  designed  to  detect  and  measure  modulations  in  the  plasma 
electron  population  resulting  from  wave  -  particle  interactions  and  short  time 
particle  bursts.  The  amplitude  of  modulation  is  measured  as  a  function  of 
wave  frequency  and  electron  energy  using  the  auto-correlation  technique.  Re¬ 
sults  are  presented  of  modelling  the  detection  characteristics  of  the  technique 
as  implemented  in  the  Cluster  DWP  instrument  using  idealised  wave  -  particle 
interactions  to  simulate  those  which  may  be  encountered  by  Cluster.  Com¬ 
pared  to  E-field  spectra,  particle  modulation  spectra  are  in  general  difficult  to 
interpret,  the  resonance  peaks  in  frequency- velocity  space  for  particles  being 
generally  less  pronounced  compared  to  the  corresponding  resonance  peaks  in 
frequency-wavenumber  space  for  the  associated  wave  E-field.  Also  discussed, 
therefore,  is  the  general  problem  of  identifying  weak  amplitude  modulations 
and  criteria  that  can  be  used  to  determine  whether  such  modulations  are  sig¬ 
nificant  in  comparison  to  the  every  present  random  modulations  resulting  from 
plasma  thermal  noise  and  and  instrumental  effects. 


THE  STABILITY  OF  THIN  CURRENT  LAYERS  FROM 
BIDIMENSIONAL  HYBRID  SIMULATIONS 

G.  Chanteur 

CETP-CNRS,  10-12  avenue  de  TEurope,  78140  Velizy,  France 
gerard.chanteur@cetp.ipsl.fr  /  fax  +33-1-3925-4922 

The  stability  of  thin  current  layers  embedded  in  sharp  rotational  or 
tangential  discontinuities  having  widths  of  the  order  of  the  thermal 
ion  Larmor  radius  is  difficult  to  investigate  theoretically.  The  fre¬ 
quent  occurrence  of  such  discontinuities  in  space  plasmas  fully  justi¬ 
fies  the  attention  recently  paid  to  their  stability.  Two-dimensional 
hybrid  simulations  are  used  to  demonstrate  that  sufficiently  thin 
current  layers  can  be  unstable  to  surface  modes  propagating  along 
the  mean  direction  of  the  current  in  the  layer.  In  isotropic  plas¬ 
mas,  the  only  case  that  we  have  studied  so  far,  this  instability  is 
controlled  by  the  rotation  angle  of  the  tangential  component  of  the 
magnetic  field  and  the  beta  parameter  of  the  plasma.  The  influence 
of  the  initial  state  of  the  simulated  system  on  the  results,  as  well 
as  the  controlling  factors,  will  be  discussed. 


Stochasticity  and  trapping  in  single  particle  dynamics  in  slow  and  fast  varying 
reversals. 

S.C.Chapman 
G. Rowlands 
A.  Ynnerman 
M.  Tsalas 

Physics  Dept..  Univ.  of  Warwick.  Coventry’  CV4  7AL,  U.K. 

Single-particle  dynamics  in  simple  models  for  static  reversing  magnetic  fields  have 
been  extensively  studied  analytically  in  the  case  where  the  reversing  field  varies, 
the  linking  field  is  constant,  and  the  shear  field  is  zero.  More  recently,  some 
generalization  to  include  time  dependence  has  been  achieved,  and  results  for  static 
reversals  which  include  a  constant  shear  component  have  been  obtained.  The 
principal  motivation  for  these  recent  studies  has  been  the  static  or  dynamically 
thinning  pre  substomi  magnetotail  surrent  sheet,  however  they  are  sufficiently 
general  to  permit  assymetric  fields  (as  in  the  magnetosheath)  and  relaxing  rather 
than  thinning  reversals  (as  in  rapid  dipolarization  of  the  magnetotail).  Here  we 
develop  these  more  general  results  annd  discuss  their  implications. 


KINETIC  MODEL  OF  ALFVEN  WAVE  LIGHT-ION  GYRORES- 
ONANCE  HEATING 

T.  Chust  (1)  and  D.  Le  Queau  (2) 

(1)  Centre  d’etude  des  Environnements  Terrestre  et  Planetaires,  CNRS- 
UVSQ,  Velizy,  France,  (2)  Centre  d’Etude  Spatiale  des  Rayonnements,  CNRS, 
Toulouse,  France. 

Thomas  .  Chust 2cetp.  ipsl  .fr 

The  absorption  of  Alfven  waves  by  gvroresonant  interaction  with  the  light-ions 
in  an  ionospheric  oxygen- hydrogen  plasma  with  parallel  magnetic  field  gradient 
is  reconsidered,  taking  into  account  simultaneously  the  plasma  inhomogeneitv 
and  the  finite  temperature  of  the  resonant  ions  (7]  ^  0).  A  kinetic  full  wave 
equation  is  derived,  that  is  valid  in  the  vicinity  where  the  wave  frequency 
matches  the  local  proton  gyro  frequency.  It  is  analytically  solved  for  the  case 
of  a  Lorentzian  distribution  function.  The  energy  transmission,  reflection  and 
absorption  coefficients,  for  waves  incident  from  the  high  magnetic  field  side 
onto  the  gvroresonant  interaction  region,  are  found  to  be  the  same  as  for  the 
cold  plasma  case  (7]  =  0).  Conversely,  the  absorption  of  waves  incident  from 
the  low  magnetic  field  side  is  found  to  be  enhanced  and  strongly  depends  on 
the  ionic  temperature,  whereas  their  transmission  to  the  high  magnetic  field 
side  occurs  still  in  the  same  proportion  as  for  the  cold  plasma  case.  Elaborat¬ 
ing  local  dispersion  curves  and  evaluating  the  full  wave  solutions  enable  us  to 
interpret  qualitatively  these  results  and  to  extrapolate  them  for  the  case  of  a 
Maxwellian  distribution  function.  For  realistic  ionospheric  plasma  conditions  a 
sensible  increase  of  the  gvroresonant  absorption  of  the  waves  is  thus  found. 


Nongyrotropic  Ion  Distributions  in  the  Near-Earth  Magnetotail 

D.  C.  Delcourt  (CETP-CNRS,  delcourt@cetp.ipsI.fr)  and  G.  Belmont  (CETP-CNRS, 
belmont@cetp.ipsl.fr) 

We  examine  the  transport  of  plasma  sheet  ions  in  the  near-Earth  magnetotail  (10-15 
Rf)  using  single-particle  codes.  In  this  region  of  space,  because  of  Larmor  radii 
comparable  to  the  magnetic  field  line  curvature  radius,  plasma  sheet  ions  are 
subjected  to  a  dynamical  regime  different  from  that  in  the  distant  tail  or  in  the  inner 
magnetosphere.  Upon  interaction  with  the  cunent  sheet,  these  plasma  sheet  ions  may 
experience  magnetic  moment  scattering  and  prominent  bunching  in  gyration  phase 
due  to  enhanced  tailward  oriented  centrifugal  pull.  We  focus  on  the  consequences  of 
this  centrifugally-driven  phase  bunching.  Within  the  limits  of  the  calculations  which 
do  not  treat  the  particle  dynamics  in  a  self-consistent  manner,  we  show  that  this 
effect  leads  to  a  distinctive  current  distribution  in  the  near-Earth  tail,  which  is  not 
found  further  out.  In  the  equatorial  vicinity,  this  distribution  is  characterized  by  a 
striated  pattern  of  current  both  in  the  dawn-dusk  and  in  the  Earth-tail  directions.  The 
latter  current  leads  to  field  line  inclination  in  the  dawn-dusk  direction  near  the 
earthward  edge  of  the  magnetotail  current  sheet,  which  may  be  viewed  as 
characteristic  of  this  region  of  space.  We  also  show  that  in  this  region,  off-diagonal 
elements  of  the  pressure  tensor  are  essential  to  achieve  stress  balance,  in  a  like 
manner  to  the  distant  magnetotail. 


SMALL  SCALE  DENSITY  GRADIENTS  AS  PREFERENTIAL 
SITES  FOR  THE  DISSIPATION  OF  ALFVEN  WAVE  POYNTING 
FLUX 

V.  Genot  (1),  P.  Louarn  (1)  and  D.  Lequeau  (2) 

(1)  Obseyvatoire  Midi-Pyrenees,  Toulouse.  France,  (2)  Centre  d'Etude  Spatiale 
des  Rayonnements,  Toulouse,  France. 
gendti2obs-mip.fr/Fax:  [33]  561  332  840 

The  role  of  small  scale  density  inhomogeneities  in  the  formation  of  parallel 
electric  field  is  discussed.  We  use  a  simple  two-dimensional  model  of  the  auroral 
plasma  cavities  and  we  study  how  Alfven  waves  propagate  in  presence  of  the 
sharp  density  gradients  that  characterize  the  edges  of  the  plasma  cavities.  Due 
to  the  combined  effects  of  (1)  the  fast  rotation  of  the  phase  plane  of  the  waves 
and  (2)  the  apparition  of  space  charge  on  the  gradients,  high  values  of  the 
parallel  electric  field  arise  (of  a  few  mV/m  for  Ej_  <-  1  V/m)  where  the  density 
gradients  are  maximum.  A  detailled  parametric  study  reveals  that  the  spatial 
and  time  evolution  of  the  parallel  electric  field  is  highly  dependent  on  the  initial 
perpendicular  electric  field  shape  and  on  the  gradient  size  as  well.  The  effects  of 
the  spatial /temporal  variations  of  the  parallel  electric  field  on  the  distribution 
functions  are  then  discussed. 
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FIELD- ALIGNED  CURRENTS  AND  PARALLEL  ELECTRIC 
FIELDS  IN  THE  PLASMA  SHEET  BOUNDARY  LAYER 

M.  Heinemann  (1)  and  G:  M.  Erickson  (2) 

(1)  Air  Force  Research  Laboratory,  Hanscom  AFB,  Massachusetts  USA,  (2) 
Boston  University,  Boston,  Massachusetts  USA 
heinemann@plh.  af.mil 

The  magnetospheric  convection  electric  field  drives  field-aligned  currents  in 
the  plasma  sheet  boundary  layer.  The  currents  are  non-ideal-MHD  effects, 
of  order  of  the  ion  mass  to  charge  ratio  in  fluid  theory.  We  present  a  fluid 
theory  of  the  currents  in  a  twodimensional  magnetic  field  model  containing 
an  X-type  reconnection  line.  There  are  two  contributions  to  the  currents, 
both  downward  in  the  model  solutions,  one  arising  from  finite  Larmor  radius 
physics  and  the  other  from  the  Earthward  rate  of  change  of  the  duskward  ion 
drift  velocity.  In  a  uniform  dawn-dusk  electric  field  the  largest  ionospheric 
current  density  occurs  on  field  lines  for  which  the  equatorial  magnetic  field  is 
weak  or  has  large  curvature,  on  plasma  sheet  boundary  layer  field  lines  that  lie 
near  the  separatrix.  In  principal,  the  current  density  is  modified  and  limited 
by  magnetospheric-ionospheric  coupling;  in  practice,  the  ionospheric  Pedersen 
conductivity  is  so  high  that  the  coupling  has  virtually  no  effect.  The  current 
into  the  ionosphere  is  of  the  order  of  105-106  A,  in  accord  with  observations,  the 
detailed  value  depending  on  the  size  of  the  diffusion  region.  Parallel  potential 
drops,  computed  from  the  requirement  of  quasineutrality  in  the  presence  of 
ion  vorticity,  are  of  the  order  of  1  kV  on  plasma  sheet  boundary  layer  field 
lines  in  the  magnetosphere,  exclusive  of  any  low-altitude  contribution. 


SATURN’S  THERMAL  PLASMA  AND  NEUTRAL  CLOUD-RING 

COMPLEX 

W.-H.  Ip 
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From  HST  observations,  it  is  now  known  that  the  Saturnian  system  is  filled 
with  a  dense  cloud  which  is  supplied  by  the  rings,  icy  satellites  and  Titan  s  exo¬ 
sphere.  In  the  inner  magnetosphere,  collisional  interaction  of  the  charged  E-ring 
particles  with  Enceladus  and  the  ring  system  turns  out  to  be  very  important 
in  building  up  a  gas  disk  of  water-group  composition.  The  plasma  temperature 
between  the  rings  and  the  orbit  of  Enceladus  can  hence  be  controlled  by  the 
collisional  cooling  of  the  neutrals.  At  the  same  time,  the  ion  composition  of 
the  corotating  plasma  cloud  could  be  largely  determinded  by  the  ionization 
and  charge  exchange  process  in  the  plasma  disk.  The  spatial  distribution  of  the 
water-group  ions  as  a  result  of  radial  diffusion  from  their  source  region  will  be 
described.  The  implication  of  the  dense  neutral  cloud  on  thr  charge-exchange 
loss  of  the  magnetospheric  energetic  ions  will  also  be  expored. 


Two-dimensional  models  of  the  coronal  magnetic  field 
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We  simulate  the  large-scale  structure  of  the  magnetic  field  in  the  solar  corona 
adjoining  the  chromospheric-coronal  boundary  outside  supergranules  using  a 
2 -dimensional  cylindrical  current-layer  approximation.  The  principal  idea  is  that 
although  the  convection  pattern  responsible  for  producing  the  global  magnetic  field 
within  the  corona  is  unknown,  its  statistical  features  can  be  assessed:  the  number  of 
supergranules  is  large  enough  to  make  such  a  statistical  approach  reliable.  The 
large-scale  magnetic  field  is  assumed  to  be  a  superposition  of  small-scale  fields 
resulting  from  supergranule  currents  located  near  the  chromosphere-coronal  boundary 
and  obeying  specified  statistics  together  with  a  dipole  field  related  to  processes 
occurring  deeper  within  the  sun.  Our  analysis  of  the  resulting  magnetic  field  patterns 
reveals  that  they  depend  critically  on  the  number  of  current  'jets'  associated  with  the 
supergranules.  This  dependence  is  found  to  be  qualitatively  similar  to  the  observed 
variation  of  the  coronal  magnetic  field  with  solar  activity.  A  second  model  is 
employed  to  simulate  the  fine  structure  of  the  field  within  a  particular  supergranule: 
here  a  plane  current-carrying  layer  approximation  is  used  with  an  externally-specified 
large-scale  magnetic  field  as  a  fitting  parameter.  The  escape  of  energetic  particles 
from  the  chromosphere-coronal  boundary  is  studied  as  an  application  of  the  model. 


THREE  DIMENSIONAL  STUDY  OF  RECONNECTION  IN  THE 
EARTH’S  MAGNETOTAIL 
G.  Lapenta  (1)  and  J.U.  Brackbill  (2) 
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We  study  the  stability  of  the  Earth’s  magnetotail  using  the  implicit  code  CE- 
LEST3D.  A  realistic  equilibrium  including  a  perpendicular  magnetic  field  is 
considered.  The  implicit  formulation  allows  us  time  steps  almost  100  times 
larger  and  grid  spacings  4  times  larger  than  required  in  explicit  formulations: 
for  the  first  time  a  large  section  of  the  magnetotail  can  be  studied  with  a  more 
realistic  mass  ratio  of  180  and  with  sufficient  accuracy  in  the  particle  velocity 
distribution  (82  particles  per  cell  per  species). 

The  simulations  show  that  magnetic  reconnection  in  the  magnetotail  is  due 
to  a  new  3D  mode.  In  2D  simulations,  the  tearing  and  drift-kink  mode  could 
only  be  studied  separately.  In  3D  systems  a  more  general  mode  can  exist  with 
direction  of  propagation  neither  along  nor  across  the  direction  of  the  plasma 
current.  The  new  mode  is  linear  in  character-and  starts  growing  from  the  orig¬ 
inal  configuration. 

Note  that  this  effect  could  not  be  described  in  previous  models  with  lower  mass 
ratios:  the  correct  evolution  of  the  3D  mode  requires  the  tearing  mode  to  grow 
more  slowly  chan  the  drift-kink  mode:  an  effect  present  only  for  realistic  mass 
ratios. 


STATISTICAL  PROPERTIES  OF  AMPLITUDES  AND  PHASES 
IN  THE  ENSEMBLE  OF  INTERACTING  WAVES 

V.  Krasno’selskikh  and  B.  Lefebvre 

Laboratoire  de  Physique  et  Chimie  de  I’Environnement,  3 A  Avenue  de  la 
Recherche  Scientifique,  45071,  Orleans,  CEDEX  2,  FRANCE. 
vkrasnosQcnrs-orleans.fr/Fax:  [33]  2  38  63  12  34 

We  study  the  statistical  properties  of  nonlinear  wave-wave  interaction  in  an 
ensemble  of  several  interacting  waves.  The  system  under  consideration  is  sup¬ 
posed  to  have  the  energy  source  and  dissipation  in  the  form  of  the  growth  rate 
for  one  of  the  waves,  and  damping  rate  for  the  others.  It  represents  either  a 
cascade  of  several  decay  instabilities,  or  modified  decay.  We  pay  special  atten¬ 
tion  to  the  effect  of  the  transition  from  purely  dynamic  regimes  of  the  systems 
behavior  to  the  stochastization  of  phases.  It  is  shown  that  the  transition  from 
the  three  wave  interaction  as  a  dominant  process  to  the  four  wave  interaction 
can  be  associated  with  the  appearance  of  the  phenomenon  of  chaotic  synchro¬ 
nization.  We  consider  several  effects  that  can  determine  statistical  properties  of 
the  system  such  as  the  presence  of  the  external  noise,  detuning  from  the  exact 
resonance,  or  the  width  of  the  spectral  lines. 


CONVECTIVE  INSTABILTY  IN  THE  OUTER  PLASMASPHERE 

J.F.  LEMA1RE  .  IASB.  3  avenue  Circulate.  B-1 180  Brussels,  Belgium 
Fax  :  32-2-374  8423 

The  corotating  plasmasphere  is  stable  with  respect  to  convective  instability  during 
quiet  conditions.  During  substorms,  this  situation  is  changing:  sunward  and  eastward 
magnetospheric  convection  is  then  suddenly  enhanced  in  the  post-midnight  sector, 
beyond  L>3.  Consequently,  centrifugal  effects  (influencing  mostly  the  distribution 
of  the  cold  exospheric  plasma)  are  augmented  in  the  post-midnight  sector,  for  L>3; 
the  total  (gravitational  +  inertial)  force  acting  on  all  ions  is  then  lowered,  and  the 
initial  equilibrium  density  distribution  becomes  convectively  unstable  in  all 
magnetic  flux  tubes  which  are  convected  faster  then  before  the  storm  onset;  a  flow 
of  ionospheric  H+  ion  is  driven  upward  as  result  of  the  now  unbalanced  kinetic 
pressure  gradient.  Thus  the  ionosphere  gets  depleted  of  its  light  ions  content.  All 
ions  which  are  able  to  overcome  the  reduced  potential  barrier  can  accumulate  in  the 
equatorial  potential  well,  beyond  the  "zero-parallel-force  surface  .  These  ions 
trapped  in  the  equatorial  potential  well  form  there  a  cloud  of  cold  (<10  e  V)  plasma 
(plasmoid)  with  a  kinetic  pressure  exceeding  that  of  the  background.  As  a  result  of 
this  excess  kinetic  pressure  the  plasmoid  experiences  cross-L  interchange  driven  by 
magnetic  forces:  indeed,  the  eastward  polarisation  electric  field  generated  by  the 
opposite  grad-B  and  curvature  drifts  of  electrons  and  ions  detaches  it  from  the 
plasmasphere  and  drives  it  into  the  magnetotail  where  it  produces  significant 
diamagnetic  effects. 
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ELECTRON  ACCELERATION  AT  SHOCK  WAVES  IN  THE 
HELIOSPHERE 

G.  Mann 

Astrophysikalisches  Institut  Potsdam,  An  der  Sternwarte  16.  Potsdam,  D- 14482 
Germany. 

Shock  waves  are  formed  at  different  places  in  the  heliosphere.  They  play  an 
important  role  since  they  are  able  to  accelerate  particles  up  to  high  energies. 
For  instance,  such  shock  waves  appear  as  solar  type  II  radio  bursts  built  up  due 
to  solar  flares  in  the  solar  corona,  as  travelling  interplanetary  shocks,  planetary 
bow  shocks,  and  as  pairs  of  forward  and  reverse  shocks  associated  with  CIR’s. 
In  some  cases  of  these  shocks  electrons  are  accelerated  up  to  suprat henna!  and, 
partly,  relativistic  energies.  A  summary  of  the  plasma  and  particle  measure¬ 
ments  of  these  heliospheric  shock  waves  will  be  presented.  The  inspection  of 
these  observational  data  show  that  even  supercritical  shock  waves  with  large 
Alfven-Mach  numbers  are  able  to  accelerate  electrons  up  to  high  energies.  Fi¬ 
nally,  the  mechanism  of  the  shock  drift  acceleration  and  the  Fermi  process  are 
presented  and  compared  with  the  observations. 


STATIONARY  NONGYROTROPY  NEAR  COMETS 
C.  Mazelle  (1),  G.  Belmont  (2)  and  J.B.  Cao  (3) 

(1)  CESR,  CNRS/UPS,  9  Avenue  Colonel-Roche,  31028  Toulouse  Cedex  4, 
France,  (2)  CETP,  CNRS,  Velizy,  France,  (3)  Center  for  Space  Science  and 
Applied  Research,  Beijing,  China. 
mazelleCcesr.cnes.fr/Fax:  [33]  561-55-67-01 

Nongyrotropic  unperturbed  particle  distributions  are  often  derived  as  homoge¬ 
neous  solutions  of  the  Vlasov  equation  for  closed  phase  space  (no  source  and 
sink  terms)  leading  to  a  time-dependant  structure  of  the  solution  (rotating 
at  the  gyrofrequency  in  velocity  space).  In  the  case  of  a  weakly-active  active 
comet,  the  introduction  of  a  source  (newborn  ions)  and  loss  (diffusion)  terms 
leads  to  a  stationary  structure  of  the  unperturbed  nongyrotropy  for  the  ion 
ring  distributions,  which  provides  a  good  agreement  with  the  observations. 
Since  the  associated  low  frequency  waves  exhibit  a  compressive  component  on 
the  magnetic  field  and  the  plasma  density,  the  linear  stability  of  the  model 
distribution  has  been  investigated  for  oblique  wave  propagation.  The  results 
show  that  the  weak  nongyrotropy  observed  in  this  case  has  little  influence  on 
the  ring  instability. 


MODELLING  COLLISIONLESS  PLASMAS  NEAR  A  POTEN-  “ 
TIAL  WELL  :  THE  EXAMPLE  OF  THE  IO  PLASMA  TORUS 

M.  Moncuquet  (I),  N.  Meyer- Vernet  (1)  and  S.  Hoang  (1) 

(1)  DESPA,  Observatoire  de  Paris- Meudon,  92195  Meudon,  France. 

The  passage  of  the  Ulysses  spacecraft  in  the  “Io  plasma  torus”  has  invalidated 
the  traditionnal  hypothesis  of  the  local  diffusive  (isothermal)  equilibrium  along 
the  magnetic  field  lines,  actually  showing  that  the  electron  temperature  was 
substantially  increasing  along  these  lines.  To  explain  this  observation,  we  refer 
to  a  velocity  filtering”  mechanism,  firstly  proposed  by  J.D.  Scudder  [Asfro- 
phys.  ./..  398 .  299,  1992]  in  the  context  of  stellar  coronae.  This  mechanism  acts 
as  a  high  pass  filter  for  particle  energies  if  the  particles  are  confined  in  an  at¬ 
tracting  monotonic  potential  and  have  a  non-maxwellian  velocity  distribution. 
These  conditions  are  met  in  the  Io  torus,  where  there  is  an  attractive  poten¬ 
tial  due  to  the  centrifugal  force  (since  the  torus  is  corotating  with  Jupiter) 
and  where  each  particles  species  has  a  suprathermal  component  with  a  ve¬ 
locity  distribution  roughly  decreasing  as  a  power  law;  in  this  case,  frequently 
met  in  collisionless  plasmas,  the  velocity  distribution  of  particles  can  be  conve¬ 
niently  modelled  using  a  ”  kappa  ”  distribution.  Finally,  because  the  torus  ion 
distributions  could  have  a  strong  temperature  anisotropy,  we  build  a  kinetic 
collisionless  model  of  the  Io  plasma  torus  based  on  "anisotropic  bi-kappa”  dis¬ 
tributions,  which  explains  most  of  the  observed  latitudinal  variations  of  the 
densities  and  temperatures  in  such  a  confined  plasma. 


CONCERNING  NONGYROTROPIC  PARTICLE 
DISTRIBUTIONS  IN  SPACE  PLASMAS 

U.  Motschmann  (1,2)  and  K.-H.  Glassmeier  (2) 

(1)  DLR,  Institute  for  Planetary  Exploration,  Berlin,  Germany,  (2) 
Institute  for  Geophysics  and  Meteorology,  U  Braunschweig,  Germany 
uwe@geophys.nat.tu-bs.de,  khg@geophys.nat.tu-bs.de 

In  nonstationary  and  strong  inhomogeneous  plasmas  particle  orbits  are  rather 
complicated.  When  the  nonstationary  time  scale  is  smaller  than  the  gyration 
period  or  when  the  inhomogeneity  scale  is  smaller  than  the  gyration  radius  - 
that  is  at  magnetic  plasma  boundaries  -  nongyrotropic  distribution  functions 
occure.  The  stability  of  such  plasma  configurations  is  studied  in  the  framework 
of  linearized  Maxwell-Vlasov  theory  and  by  particle  simulations.  In 
nonstationary  plasmas  nongyrotropy  drives  unstable  waves  parallel  as  well  as 
perpendicular  to  the  background  magnetic  field  whereas  in  the  gyrotropic  limit 
the  plasma  is  stable.  As  an  example  of  an  inhomogeneous  plasma  a  sheared 
magnetic  field  configuration  or  reconnection  boundary  is  discussed.  Particle 
and  field  distributions  are  described  by  a  superposition  of  modes  of  different 
spatial  scales  and  spatial  filamentations.  Excitation  of  unstable  transverse 
waves  occures  at  a  sheet  thickness  in  the  order  of  the  particles  thermal  gyration 
radius. 


RESONANT  AMPLIFICATION  OF  MAGNETOSHEATH 
WAVES  AT  MAGNETOPAUSE:  MAGNETIC  FIELD 
EFFECTS 

L,  Rezeau.  G.  Belmont  and  F.  Reberac 

Centre  deludes  des  Environnements  Terrestre  et  Plan^taires,  UVSQ 
rezeau@cetp.ipsl.fr/Fax:  33  1  39  25  49  10 

Previous  studies  have  shown  that  a  high  level  of  electromagnetic 
fluctuations  is  observed  at  the  magnetopause  and  that  it  might  be 
explained  by  a  resonant  amplification  of  waves  coming  from  the  adjacent 
magnetosheath.  The  first  model  developed  has  included  the  density 
gradient  which  is  observed  near  the  magnetopause,  in  the  cold  plasma 
MHD  context.  Successive  improvements  have  now  been  added:  the  effects 
of  ion  inertia  (which  allow  a  study  up  to  frequencies  of  the  order  of  the 
proton  gyrofrequency)  and  the  effects  of  plasma  temperature.  The  results 
obtained  in  this  more  realistic  description  happens  to  be  quite  different: 
the  resonances  that  were  observed  in  the  most  simple  case  disappear  and 
the  incident  fast  waves  are  convened  into  Alfven  waves  propagating 
backward.  A  further  study  indicates  that  the  magnetic  field  rotation  then 
becomes  a  fundamental  ingredient,  although  difficult  to  handle.  The 
reflected  Alfven  waves  are  trapped  in  the  boundary  between  the 
conversion  point  and  the  point  where  they  propagate  perpendicularly  to 
the  static  magnetic  field.  This  explains  the  high  level  of  fluctuations 
observed  in  the  boundary  and  their  Alfven-like  polarisation. 


RESONANT  ENHANCEMENT  OF  RELATIVISTIC  ELECTRON 
FLUXES  IN  GEOMAGNETIC  STORMS. 

I  Roth  (1),  M  Temerin  (1),  M  Hudson  (2)  and  G  Reeves  (3) 

(I)  Space  Sciences  Laboratory,  University  of  California,  Berkeley.  CA  94720. 
USA,  (2)  Dartmouth  College.  Hanover,  NH  03755,  USA,  (3)  Los  Aalamos 
National  Laboratory,  NM  87545. 

Enhancement  of  energetic  electron  fluxes  at  L  ^  4-5  were  observed  during  ge¬ 
omagnetic  storm  intervals,  as  well  as  during  quieter  times  following  high  speed 
solar  wind  stream  arrival  at  1  AU.  Consecutive  passes  of  GPS  satellites  showed 
an  increasing  flux  of  1.6-3. 5  MeV  electrons  for  the  January  10-11,  1997  storm 
event,  as  well  as  increase  at  L=4.5of  <  1  MeV  electrons  which  precedes  increase 
in  the  >  1  MeV.  without  significant  flux  increase  initially  at  higher  L  values. 
This  observation,  and  others  by  HEO  spacecraft  suggest  that  a  local  heating 
mechanism  may  be  operative.  It  is  suggested  that  the  ubiquitous,  obliquely 
propagating  whistler  waves  interact  with  electrons  which  bounce  along  the  ge¬ 
omagnetic  field  lines.  The  unducted  whistler  chorus  which  is  a  typical  signature 
of  the  substorm  expansion  phase,  interacts  with  the  seed  of  sub-relativistic  elec¬ 
trons.  For  an  oblique  wave  propagation  the  energetic  electrons  with  large  gyro- 
radius  (larger  than  the  perpendicular  wavelength)  can  interact  resonantly  with 
multiple  harmonics  of  the  whistler  waves  on  their  bounce  trajectories  along  the 
inhomogeneous  magnetic  field.  The  resulting  resonant  interaction  violates  the 
first  and  the  second  adiabatic  invariants  and  results  in  electron  energization  at 
relativistic  energies.  The  analysis  of  the  energization  with  the  help  of  particle 
and  Hamiltonian  simulations  of  these  interactions  are  presented. 
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VLASOV  SIMULATIONS  OF  VERY  WEAK  DOUBLE  LAYERS; 
APPLICATION  TO  THE  SOLAR  WIND 
C.  Salem  (1)  and  A.  Mangeney  (1) 

(1)  Observatoire  de  Paris-Meudon,  Place  Jansen,  92195,  Meudon,  France. 
mangeneyCobspm . f  r 

Very  weak  double  layers  have  been  recently  observed  in  the  Solar  Wind;  their 
properties  are  compatible  with  weakly  nonlinear  ion-sound  waves,  and  they  are 
most  probably  related  to  the  interplanetary  potential  which  is  responsible  for 
maintaining  the  electric  neutrality  of  the  solar  wind  plasma.  With  the  help  of 
a  Vlasovi-Poisson  simulation  in  one  and  two  dimensions,  we  study  the  stability 
of  a  plasma  submitted  to  an  imposed,  weak,  electric  field  in  conditions  similar 
to  those  found  in  the  fast  solar  wind.  One  observes  a  regime  where  no  time 
independant  solution  can  be  found,  characterized  by  running  weak  amplitude 
perturbations  similar  to  those  observed  in  the  solar  wind.  The  relation  with 
these  observation  are  discussed. 


LOW-FREQUENCY  ELECTROMAGNETIC  WAVES  CAUSED 
BY  SMALL-SCALE  BI-ION  INTERACTION 

Konrad  Sauer ,  E.  Dubinin  (1),  K.  Baumgartel  (2),  V.  Tarasov  (3) 

(1)  Max- Planck -Institut  fur  Aeronomie,  Katlenburg-Lindau,  Germany  ;  (2) 
Astrophysikalisches  Institut  Potsdam,  Germany;  (3)  Centre  d'e'tudc  des 
Environcment  Terrestre  et  Plane'taires,  Velizy,  France. 
sauer@linax  lmpae.  gwdg.  de 

The  interaction  of  the  solar  wind  with  a  weak  heavy  ion  source  of  an  extension 
smaller  than  the  gyroradius  of  the  pick-up  ions  creates  a  beam-plasma 
configuration:  Solar  wind  protons  move  relative  to  the  heavy  ions  which  can  be 
considered  as  unmagnetized  Such  situations  arc  typical  for  comets  with  low  gas 
production  rates  (qs  1027  s'1),  non-magnetized  planets  (Venus,  Mars),  active 
moons  including  their  gas  tori  (Phobos,  Deimos)  and  active  experiments 
(AMPTE).  Dispersion  analysis  on  the  basis  of  Hall-MHD  equations  gives  that 
two  types  of  low-frequency  electromagnetic  waves  are  excited  having  maximum 
growth  rates  at  off-propagation  to  the  magnetic  field.  The  ’upper*  instability 
occurs  in  the  whistler  branch,  which  in  the  beam  frame  is  shifted  down  to  about 
the  proton  cyclotron  frequency.  The  ’lower1  instability  is  determined  by  the  cut-off 
frequency  of  the  bi-ion  system.  Both  lines  were  clearly  seen  in  the  spectra  of 
magnetic  field  data  obtained  onboard  the  PHOBOS  spacecraft,  especially  during 
crossing  of  the  gas/dust  torus  of  the  moon  Phobos,  and  at  the  AMPTE  Ba/Li 
releases.  Thus,  the  analysis  of  low-frequcncy  electromagnetic  waves  allows  the 
diagnostics  of  small-scale  bi-ion  effects  which  can  sufficiently  be  described  by 
fluid  models. 


NONLINEAR  DYNAMICS  ASPECTS  OF  MAGNETOSPHERIC 

ACTIVITY 

K.  Schindler 
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D-44780  Bochum,  Germany. 
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Models  of  substorm-related  magnetotail  dynamics  are  discussed  from  the  point 
of  view  of  nonlinear  dynamics.  The  discussion  involves  a  survey  on  theoretical 
and  numerical  results  and,  in  particular,  on  bifurcation  properties  of  magneto- 
tail  equilibria.  It  is  neither  a  transition  from  stable  to  unstable  equilibria  nor  a 
catastrophe  in  its  standard  understanding.  It  is  suggested  that  the  actual  pro¬ 
cess  seems  to  be  of  a  different  nature,  and  that  it  involves  properties  typical  for 
plasmas.  Possibly  this  is  the  reason  why  it  does  not  seem  to  play  an  important 
role  in  classical  nonlinear  dynamics. 

The  results  on  which  this  lecture  is  based  were  in  part  obtained  in  collaboration 
with  Prof.  Dr.  Alexey  Kropotkin,  and  Dr.  Oleg  Trubachev  (Institute  of  Nuclear 
Physics,  Moscow  State  University,  Moscow',  Russia). 


INJECTION  AND  ACCELERATION  OF  PICKUP  IONS  AT  IN¬ 
TERPLANETARY  SHOCKS 
M.  Scholer  (1),  H.  Kucharek  (1)  and  T.  Terasawa  (2) 
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(2)  Dept.  Earth  and  Planetary  Physics,  University  of  Tokyo,  Japan, 
mb sCmpe -garching . mpg . de 

It  has  recently  been  pointed  out  by  Giacalone  et  al.  (1997)  that  pickup  ions 
are  more  efficiently  accelerated  at  interplanetary  propagating  shocks  than  at 
stationary  shocks,  like  planetary  bow*  shocks  and  the  heliospheric  terminating 
shock.  This  demonstrates  the  potential  importance  of  interstellar  pickup  ions 
as  fundamental  contributors  to  energetic  particles  in  the  heliosphere.  We  have 
investigated  the  condition  for  acceleration  of  pickup  ions  at  the  shocks  bounding 
corotating  interaction  regions  (CIR’s)  as  a  function  of  radial  distance.  I  sing 
a  simple  hydrodynamic  scheme  with  spherical  symmetry  we  follow  the  radial 
evolution  of  the  shock  propagation  speed  as  well  as  the  radial  change  of  the  solar 
wind  velocity  upstream  of  the  CIR  shocks.  We  then  calculate  the  Parker  spiral 
angle  of  the  IMF  and  the  local  shock  normal  direction  from  which  we  obtain 
the  shock  angle  ©Bn.  We  have  investigated  the  conditions  for  reflection  and 
injection  of  pickup  ions  at  oblique  shocks  bu  self-consistent  hybrid  simulations. 
Based  on  these  results  we  propose  a  model  where  pickup  ions  are  preferentially- 
injected  and  accelerated  in  the  inner  solar  system.  Beyond  4  AU  accelerated 
pickup  ions  should  only  be  present  well  within  the  CIR  on  field  lines  which 
map  to  the  shocks  closer  to  the  Sun.  where  the  shock  angle  ©Bn  is  smaller. 


THEORY  AND  SIMULATION  OF  3D  RECONNECTION  IN 
SOLAR  FLARES 

B.V.  Somov,  Astronomical  Institute,  Moscow  State  University,  so- 
mov@sai.msu.su 

Some  new  theoretical  and  numerical  results  concerning  the  study  of  3D 
magnetic  reconnection  in  the  solar  flares  are  reviewed.  The  collisionless 
reconnection  theory  -  more  exactly,  the  model  of  a  high-temperature 
turbulent-current  non-neutral  current  sheet  -  is  applied  to  the  coronal 
conditions  derived  from  solar  observations  with  the  Hard  X-ray  Telescope 
(HXT)  and  the  Soft  X-ray  Telescope  (SXT)  on  board  Yohkoh.  New  theo¬ 
retical  interpretations  are  discussed  of  the  Yohkoh  and  correlated  multi¬ 
wavelength  radio  data  on  the  site  and  mechanism  of  magnetic  energy 
transformation  into  kinetic  and  thermal  energies  of  superhot  plasmas 
and  accelerated  high-energy  particles.  The  idea  of  impulsive  two-step 
acceleration  in  flares  is  advocated. 


KINETIC/INERTIAL  ALFVEN  WAVES  IN  THE  EARTH  S  MAG¬ 
NETOSPHERE 
K.  Stasiewiez 
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There  is  growing  evidence  that  Alfven  waves  with  short  perpendicular  scales 
play  a  major  role  in  the  physics  of  various  magnetospheric  phenomena.  A  proper 
description  of  these  waves  cannot  be  made  within  MHD  approximation,  but 
must  include  thermal  (ion  kinetic)  and  electron  inertia  effects  in  the  dispersion 
equation.  We  present  a  review  of  recent  progress  in  the  theory  and  applications 
of  kinetic  and  inertial  Alfven  waves.  A  new,  recently  emphasized  effect  is  that 
inertial  Alfven  waves  propagate  along  a  (resonance)  cone  angle,  creating  spatial 
channels  where  most  of  the  wave  energy  is  concentrated.  It  is  believed  that  op¬ 
tical  discrete  auroral  arcs  with  thickness  of  —  l  km  are  related  to  such  channels 
induced  by  Alfven  cones.  The  inertial  waves  carry  substantial  parallel  electric 
field  which  induces  a  number  of  nonlinear  plasma  effects.  One  such  an  effect 
is  related  to  cavitation  of  magnetospheric  plasma  produced  by  ponderomotive 
force  of  Alfven  waves. 


C  911 


ST  12 


A  NEW  MECHANISM  OF  A  SOLAR  FLARE 
V.  Y.  Trakhtengerts 

Institute  of  Applied  Physics,  46  Ulyanov  st.,  603600  Nizhny  Novgorod,  Russia. 
▼ytCappI . aci-nnov.ru/Fax:  +7  8312  36  2061 

A  new  mechanism  of  a  solar  flare  is  suggested  which  is  based  on  explosive 
deveolpment  of  the  cyclotron  instability  (Cl)  of  energetic  electrons  trapped  by 
the  coronal  magnetic  field.  At  the  preflare  stage,  the  change  of  topology  of  the 
coronal  magnetic  field  in  an  active  region  leads  to  accumulation  of  energetic 
electrons  in  the  magnetic  trap  together  with  growth  of  the  density  and  cooling 
of  the  background  plasma  caused  by  the  increase  of  the  radiation  losses.  A 
flare  appears  at  first  in  a  very  local  region  of  the  magnetic  flux  tube  (as  a 
rule,  at  the  central  cross-section)  where  Cl  threshold  which  is  determined  by 
the  electron-ion  collision  frequency  is  minimal.  Cl  develops  as  an  explosion  due 
to  the  very  fast  nonlinear  decrease  of  Cl  threshold  connected  with  the  intense 
Keating  of  the  background  plasma  by  cyclotron  waves.  The  very  high  power 
density  of  the  explosion  is  achieved  because  the  energy  of  energetic  electrons 
from  the  total  volume  of  the  magnetic  trap  is  transformed  to  the  background 
plasma  via  cyclotron  waves  in  a  very  small  piece  of  the  magneic  flux  tube.  When 
the  plasma  pressure  overtakes  the  magnetic  pressure,  the  ejection  of  this  hot 
plasma  toward  the  external  corona  and  interplanetary  space  begins.  Under  this 
scenario  the  soft  X-rays  are  due  to  the  thermal  emission  of  plasma  heated  to 
the  temperature  107-108  °K,  and  hard  X-rays  are  due  to  the  bremstrahlung  of 
energetic  electons  precipitated  into  the  photosphere.  Quantitative  estimations 
are  in  good  accordance  with  the  observations. 


MAGNETOSPHERIC  TRANSPORT  IN  L£VY  FLIGHT  STATISTICAL  ME¬ 
CHANICS 

R.  A.  Treumann  (1),  A.  Kull  (1)  and  R.  L.  Mace  (2) 

(1)  Max-Planck-Institut  fur  extraterr.  Physik,  85740  Garching,  Germany,  (2)  Dept. 
Physics,  University  of  Natal,  Durban,  S A. 
t  re@mpe-garching . mpg . de 

Transport  in  collisionless  plasmas  is  an  important  and  so  far  unresolved  problem.  In 
the  classical  picture  it  requires  the  generation  of  anomalous  transport  coefficients. 
Such  coefficients  are  based  on  the  assumption  that  high  wave  intensities  scatter  par¬ 
ticles  in  pitch  angle  and  energy  thereby  causing  braking  their  motion  and  leading  to 
enhanced  transport  New  developments  in  the  theory  of  collisionless  statistical  me¬ 
chanics  suggest  that  a  new  thermodynamically  stable  state  can  be  generated  in  such 
circumstances.  This  state  allows  for  correlative  couplings  of  large  groups  of  particles 
which  undergo  L£vy  flights.  As  consequence  modified  transport  coefficients  are  gener¬ 
ated.  Tentative  application  to  problems  in  collisionless  plasmas  like  the  magnetosphere 
suggest  that  such  flights  may  be  of  importance  for  the  dynamics  of  the  boundary  layer 
and  plasma  sheet  plasma  during  quiet  and  disturbed  conditions.  Anomalous  collision 
frequencies  can  be  orders  of  magnitude  higher  than  in  classical  cases. 


EXACT  AND  APPROXIMATIVE  SOLUTIONS  OF  THE  PLASMA 
EQUILIBRIUM  WITHIN  THE  MAGNETIC  FIELD  OF  A  PUNCTUAL  DIPOLE 

A.V.  Tur(l).  S.  Maurice(2).  M.  Blanc(l)  and  V.V.  YanovskyO) 

(1)  Observatoire  Midi-Pyrenees.Toulouse,  France.  (2)  Los  Alamos  National  Lab.. 
Los  Alamos  USA.  (3)  Institute  for  Single  Crystals,  Kharkov.  Ukraina. 
tourSobs-mip.fr/Fax  :  33  561  332  840 

For  a  axial  symmetry,  we  report  upon  analytical  solutions  of  MHD  equilibrium  of  a 
plasma  within  the  magnetic  environment  of  ponctual  dipole.  Inside  the  plasma 
domain,  we  calculate  the  magnetic  flux  for  a  given  shape  of  the  pressure  profile 
Another  magnetic  flux  is  derived  outside  the  plasma  domain  where  the  pressure  is 
null.  Both  functions  and  their  normal  derivatives  are  continuous  through  the 
frontier  between  the  two  domains;  together  they  constitute  the  solution  of  our 
problem.  In  a  first  case,  we  use  a  pressure  profile  which  is  quadratic  function  of  the 
magnetic  flux.  It  leads  to  an  exact  solution  which  is  a  simple  function  of  the 
spherical  coordinates.  We  show  that,  in  this  situation,  the  plasma  energy  is 
distributed  over  the  entire  plasma  domain  This  solution  is  well  appropriate  to 
magnetospheric  studies.  In  another  case,  we  assume  that  the  pressure  profile  is 
forth  power  of  the  magnetic  flux.  Then  the  solution  exhibits  localized  states, 
particularly  for  the  plasma  energy  which  is  concentrated  near  the  dipole  We  note 
that  the  magnetic  flu.\  determined  outside  the  plasma  domain  is  expressed  by  very 
general  formulae,  which  is  valid  for  a  wide  class  of  both,  the  pressure  profiles  and 
the  shape  of  plasma  exterieur  frontier.  Far  away  from  this  frontier,  like  near  the 
coordinate  center,  the  magnetic  field  tends  to  be  dipolar. 


IMPLICIT  PIC  SIMULATIONS  OF  THE  FARLEY-BUNEMAN 
INSTABILITY 

A.  vom  Endt  and  K.  Schlegel 

Max-Planck-Institut  fur  Aeronomie,  Katlenburg-Lindau,  Germany. 
endt01inmpi.mpg.de/Fax;  [49]  5556  979  240 

The  Farley- Runeman-instability  (FBI)  in  the  E-region  of  the  ionosphere  is 
well  known  from  observations  for  many  years  now  and  is  well  understood  in  its 
linear  regime.  The  nonlinear  processes  that  lead  to  saturation  of  the  FBI  and 
to  electron  heating  at  auroral  latitudes,  however,  are  difficult  to  observe. 
Theoretical  treatment  of  nonlinear  effects  usually  makes  simplifications  of  some 
kind  to  find  analytical  solutions  and  doesn’t  describe  the  whole  range  of  physical 
phenomena  at  a  time. 

Computer  simulations  provide  an  excellent  means  for  studying  such  basic  prob¬ 
lems  in  plasma  physics.  In  this  way  all  data  are  directly  accessible,  making  it 
possible  to  identify  the  physical  processes  leading  to  saturation.  The  standard 
particle-in-cell  (PIC)  codes,  however,  are  too  strongly  limited  in  their  tem¬ 
poral  and  spatial  range  by  numerical  stability  constraints.  Therefore,  a  more 
advanced,  direct  implicit  method  was  employed.  Unlike  previous  work,  this 
method  made  it  possible  to  use  the  real  mass  ratio  of  electrons  and  ions  in¬ 
stead  of  an  arbitrary  ratio  of  100,  leading  to  more  realistic  models.  Results  of 
these  simulations  will  be  presented  and  discussed. 


NEW  ASPECTS  OF  PLASMA  SHEET  DYNAMICS:  MHD  AND 
KINETIC  THEORY 

H.  Wiechen 

Astrophysics  Department,  University  of  Munich,  Munich,  D-81679,  Germany. 
hewCusm.uni-muenchen.de/Fax:  [49]  89-92209427 

Dynamical  processes  in  the  near-Earth  plasma  sheet  are  of  fundamental  impor¬ 
tance  in  the  context  of  magnetospheric  activity.  Dramatic  substorm  signatures 
during  late  growth  phase  and  expansion  phase  are  found  in  the  near-Earth 
tail  inside  lOfif.  In  my  talk,  I  will  review  numerical  simulations  considering 
the  dynamics  of  the  near-Earth  plasma  sheet.  In  this  context,  onset  and  non¬ 
linear  evolution  of  magnetic  reconnection  and  the  development  of  thin  current 
sheets  are  of  special  interest.  Those  thin  current  sheets  are  discussed  as  a  pos¬ 
sible  cause  of  microscopic  fluctuations  acting  as  collective  non-idealness  from 
a  macroscopic  point  of  view.  The  origin  of  macroscopic  local  non-idealness  is 
of  crucial  importance  for  the  onset  of  reconnection  in  the,  in  general,  highly 
ideal  magnetospheric  plasma.  In  the  second  part  of  my  talk  I  want  to  outline 
the  concept  of  a  self-consistent  theory  that  allows  to  calculate  macroscopic 
non-idealness  as  result  a  strongly  fluctuating,  mixing  dynamics  on  microscopic 
scales.  One  important  advantage  of  this  theory  is.  that  one  has  not  to  care 
about  the  specific  nature  of  the  microscopic  fluctuations.  Implementing  these 
resulte  into  MHD-simulations  will  allow  to  consider  self-consistently  derived 
macroscopic  non-ideal  consequences  of  microscopic  fluctuations. 


RELATIONSHIP  BETWEEN  CME  AND  PROMINENCE 

J.E.Wiik  (1,2).  B.Schmieder  (1.3)  and  G.Simnett  (4) 

(1)  ITA,  P.O.  Box  1029,  Blindern,  N-0315  Oslo.  Norway.  (2)  Observatoire  de 
la  Cote  d’Azur,  BP  229,  F-06304  Nice  Cedex  04,  France,  (3)  Observatoire  de 
Paris-  Meudon,  DASOP,  F-92195  Meudon  Cedex,  France,  (4)  University  of 
Birmingham,  Birmingham  BI5  2TT,  UK. 
schmiedeCmesopa.obspm.fr/Fax:  [33]  1  45  07  79  59 

Observations  of  an  eruptive  prominence  were  obtained  on  May  1,  1996,  with  the 
instruments  aboard  SOHO  during  the  preparatory  phase  of  the  Joint  Observing 
Programme  JOP12.  A  coronal  mass  ejection  observed  with  LASCO  is  associ¬ 
ated  temporally  and  spatially  with  this  prominence.  We  will  discuss  on  the 
physical  conditions  of  the  prominence  derived  from  the  spectrometers  SUMER 
and  CDS.  The  CME  observed  by  LASCO  left  the  corona  some  tens  of  minutes 
before  the  prominence  erupted.  This  is  evidence  that  the  prominence  eruptions 
are  probably  the  result  of  the  removal  of  the  restraining  coronal  magnetic  fields 
which  are  in  part  responsible  for  the  original  stability  of  the  prominence. 


C  912 


SOLAR  WIND  -  EARTH  MAGNETOSPHERE  COUPLING 


E.  B.  Wodnicka 

Space  Research  Centre,  Warsaw,  Poland,  elwo@cbk.waw.pl 

The  problem  of  solar  wind  and  /  or  ionosphere  contribution  to  the  dynamics  of 
magnetosphere  during  disturbed  periods  is  open.  The  object  of  the  study  is 
proton/e lectron  solar  wind  entering  the  magnetosphere  under  different  interplanetary 
conditons.3D  e.m.  particle  code  TRISTAN  (Buneman,1993,Nishikawa,1997)  is  used. 
The  simulation  box  is  65x35x35,time  step  is  4s.  The  potential  of  the  code  in 
reproducing  quiet  magnetosphere  field/particles  distributions  is  illustrated.  Varying 
interplanetary  magnetic  field  vector  and  solar  wind  bulk  velocity  are  applied  to 
investigate  intensity  and  geometry  of  the  entry.  It  is  shown  the  details  of  solar  wind 
entering  depend  on  IMF  orientation  rather  than  on  the  solar  wind  bulk  velocity. 


ST13  The  Sun:  SOHO  and  related  results 

01  Plasma  diagnosis  of  the  solar  atmosphere 
by  photon  spectroscopy  and  remote  particle 
measurements 

Convener:  Hilchenbach,  M. 

Co-Convener:  Hansteen,  V. 


ISOTOPE  FRACTIONATION  PROCESSES  IN  THE  SOLAR 
WIND 

P.  Bochsler  (1)  and  R.  Bodmer  (2) 

(1)  Physikalisches  Institut,  University  of  Bern,  CH-3012  Bern,  Switzerland, 

(2)  Max-Planck-Institut  fur  Aeronomie,  D-37191  Katlenburg-Lindau,  Germany. 

With  the  availability  of  new  data  from  solar  wind  mass  spectrometers  with 
greatly  improved  mass  resolution  and  in  view  of  the  upcoming  GENESIS  mis¬ 
sion  which  has  the  purpose  to  determine  solar  isotope  abundances  applying  the 
foil  collection  technique  to  solar  wind  ions,  it  has  become  important  to  study 
all  relevant  fractionation  processes  which  might  play  a  role  on  the  way  of  par¬ 
ticles  from  the  solar  atmosphere  to  the  interplanetary  plasma.  We  summarize 
evidence  for  secular  gravitational  settling  and  concomitant  isotope  fractiona¬ 
tion  in  the  outer  convective  zone.  Furthermore,  we  estimate  the  importance  of 
fractionation  in  the  chromosphere  and  in  the  inner  corona,  due  to  inefficient 
Coulomb  drag.  Finally,  we  make  an  attempt  to  assess  isotope  fractionation  pro¬ 
cesses  in  a  corona  with  very  hot  ion  temperatures  and  with  strongly  anistropic 
velocity  distributions. 


THE  INFLUENCE  OF  SUPRATHERMAL  ELECTRONS  ON  THE 
DERIVATION  OF  CORONAL  ELECTRON  TEMPERATURES 
FROM  SOLAR  WIND  MINOR  ION  CHARGE  STATE  SPECTRA 
OBTAINED  FROM  SOHO/CELIAS/CTOF 

M.R.  Aeliig  (I),  P.  Bochsler  (1),  H.  Grunwaldt  (2).  S.  Hefti  (1),  P.  Wurz  (I), 
M.  Hilchenbach  (2),  D.  Hovestadt  (3),  F.M.  Ipavich  (4)  and  F.  Gliem  (5) 

(1)  Physikalisches  Institut,  University  of  Bern,  Sidlerstrasse  5,  CH-3012  Bern, 
Switzerland,  (2)  Max-Planck-Institut  fur  Aeronomie,  D-37189  Katlenburg- 
Lindau,  Germany,  (3)  Max-Planck-Institut  fur  Extraterrestrische  Phvsik,  D- 
85740  Garching,  Germany,  (4)  Dept,  of  Physics  and  Astronomy,  University 
of  Maryland,  College  Park,  MD  20742,  USA,  (5)  Institut  fur  Datenverar- 
beitungsanlagen,  Technische  Universitat,  D-38023  Braunschweig,  Germany, 
matthias  . aelligfisoho  .unibe  .ch/Fax:  [41]  31  631  44  05 

The  SOHO/CELIAS/CTOF  (Charge  Time  Of  Flight)  mass  spectrometer  mea¬ 
sures  the  ionic  and  elemental  composition  of  minor  ions  in  the  solar  wind.  From 
density  ratios  of  adjacent  charge  states  of  minor  ions  we  derive,  consistent  with 
previous  measurements  of  the  same  type,  mean  freeze-in  temperatures  in  the 
slow  solar  wind  ranging  between  about  1.1  x  IQ6  K  and  1.6  x  106  K  depending 
upon  the  charge  states  and  elements  considered.  These  values  are  obtained  by 
assuming  a  Maxwellian  distribution  of  the  electrons  in  the  inner  corona.  We 
assess  the  influence  of  suprathermal  electrons  in  the  corona  upon  the  density 
ratios  and,  subsequently,  on  the  temperature  estimates  that  are  drawn  from 
minor  ion  charge  spectra. 


THE  ELECTRON  TEMPERATURE  IN  THE  SOLAR  CORONA 
AND  CHARGE  STATES  IN  THE  SOLAR  WIND 

R.  Bodmer 

Max-Planck-Institut  fur  Aeronomie,  D-37191  Katlenburg-Lindau,  Germany. 
bodmerClirunpi.mpg.de/Fax:  [49]  5556  979  240 

We  review  measurements  of  charge  state  distributions  of  minor  ions  in  the  solar 
wind  and  discuss  their  implications  for  the  coronal  temperature.  The  formation 
of  charge  state  distributions  of  heavy  ions  in  the  corona  and  the  solar  wind  is 
dominated  by  ionization  and  recombination  through  collisions  with  electrons. 
As  the  rates  are  proportional  to  electron  density,  they  decrease  with  the  expan¬ 
sion  of  the  solar  wind  and  the  charge  states  freeze  in  within  a  few  solar  radii. 
The  resulting  charge  state  distributions  are  transported  essentially  unaltered 
by  the  solar  wind  and  can  be  observed  by  mass  spectrometers  on  spacecraft 
like  ULYSSES,  WIND,  or  SOHO.  Measured  ratios  of  adjacent  charge  states 
can  be  used  to  infer  the  so-called  freeze-in  temperatures.  These  temperatures 
depend  on  the  element  and  on  the  type  of  solar  wind  and  have  been  inter¬ 
preted  as  a  measure  of  the  coronal  electron  temperature  in  the  freeze-in  region. 
As  the  freezing-in  process  is  gradual,  the  result  depends  on  the  radial  profile 
of  electron  density,  electron  temperature  and  ion  velocity  in  the  relevant  so¬ 
lar  wind  flux  tube.  The  electron  temperature  in  the  solar  corona  can  also  be 
inferred  from  optical  observations.  The  electron  temperatures  determined  by 
ratios  of  optically  thin  EUV  lines  are  compared  to  the  solar  wind  observations. 
We  also  discuss  the  importance  of  non-Maxwellian  electron  distributions  and 
differential  streaming  of  ions. 
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ELECTRON  ACCELERATION  IN  THE  ONSET  PHASE  OF 
CORONAL  MASS  EJECTIONS:  IMPLICATIONS  FOR  THE 
STRUCTURE  OF  THE  SOLAR  CORONA  FROM  OBSERVA¬ 
TIONS  OF  THE  SOHO  SPACECRAFT  AND  GROUND  BASED 
RADIOWAVE  MEASUREMENTS 

V.  Bothmer  (I),  C.  St.  Cyr  (2),  H.-T.  Classen  (3).  A.  Posner  (1},  R.A. 
Howard  (3).  H.  Kunow  (1),  G.  Mann  (3),  R.  Muiler-Mellin  (1)  and  G.  Wib- 
berenz  (1) 

(1)  Extraterrestrische  Physik.  IEAP,  Universitat  Kiel.  Germany,  (2)  E.O.  Hul- 
bert  Center  for  Space  Research.  Naval  Research  Laboratory,  USA,  (3)  Astro- 
physikalisches  Institut  Potsdam.  Germany. 

We  have  correlated  MeV  electron  measurements  in  solar  particle  events  (SPEs) 
measured  with  the  COSTEP  experiment  onboard  the  SOHO  spacecraft  with 
white-light  observations  of  the  solar  corona  provided  by  SOHO's  LASCO  ex¬ 
periment.  From  the  CMEs'  height-time  evolution  we  find  that  in  events  with 
good  magnetic  connection  to  the  CMEs'  source  regions,  the  first  particle  ac¬ 
celeration  processes  typically  occurred  when  the  CMEs'  had  reached  specific 
heights  in  the  low  corona.  These  heights  w^ere  compared  with  the  height-time 
evolution  of  associated  type  II  bursts  measured  with  the  Potsdam  radiospec¬ 
trograph.  Implications  for  the  large-scale  structure  of  the  lower  corona  and  its 
electron  density  and  temperature  distribution  will  be  discussed. 


THE  SEARCH  WITH  CELIAS/CTOF  FOR  O5*  AS  A  SOLAR  WIND 
CONSTITUENT 

H.Gninwaldt111,  M.Hilchenbachm,  E.Marsch[U,  P.Bochsler121 

[1]  MPI  fur  Aeronomie,  D-37191  Katlenburg-Lindau,  Germany 

[2]  University  of  Bern,  CH-3300  Bern,  Switzerland 

The  correlated  measurements  of  the  solar  corona  by  optical  and  particle 
instruments  that  have  been  one  purpose  of  the  SOHO  mission  have 
yielded  a  striking  conflict  in  the  values  of  coronal  electron  and  ion 
temperatures  derived  by  different  methods.  As  one  possible  reason 
deviation  from  local  thermal  equilibrium  is  considered.  Under  this 
assumption  the  otherwise  not  explainable  formation  of  O5*  out  to  then 
frozen-in  charge  status  of  the  solar  wind  might  become  existent.  In  this 
presentation  we  report  of  a  thorough  search  of  5  months  of  data  for 
evidence  of  this  key  ion. 


KINETIC  PROPERTIES  OF  OXYGEN,  SILICON,  AND  IRON 
IONS  MEASURED  WITH  SOHO/CELIAS 

S.  Hefti  (lj,  P.  Bochsler  (1),  H.  Griinwaldt  (2),  M.R.  Aellig  (1),  F.M. 
Ipavich  (3),  M.  Hilchenbach  (2),  P.  Wurz  (1)  and  D.  Hovestadt  (4) 

(1)  Physikalisches  Institut,  University  of  Bern,  CH-3012  Bern/Switzerland, 

(2)  MPI  fur  Aeronomie,  D-37189  Katlenburg-Lindau,  (3)  Dept,  of  Physics  and 
Astronomy,  UMD,  College  Park  MD  20742,  USA,  (4)  MPI  fur  extraterrestrische 
Physik,  D-85740  G arching. 

Observations  of  the  mass  spectrometer  CELIAS/CTOF  and  of  the 
CELIAS/PM  sensor  onboard  the  SOHO  spacecraft  are  used  to  revisit  drift 
speeds  and  kinetic  temperatures  of  minor  ions  in  the  solar  wind  near  solar 
minimum.  For  the  case  of  a  collision  dominated  plasma,  minor  species  are  ex¬ 
pected  to  have  approximately  equal  speeds  as  protons  and  to  have  equal  kinetic 
temperatures.  On  the  other  hand,  approximately  equal  thermal  speeds  are  ex¬ 
pected  for  a  plasma  which  is  energized  by  wave-particle  interaction.  Due  to 
the  large  geometric  factor  and  the  100%  duty  cycle  of  CTOF,  excellent  count¬ 
ing  statistics  for  minor  species  is  obtained  and  the  kinetic  properties  of  minor 
species  can  be  derived  with  significantly  improved  time  resolution.  This  allows 
a  better  distinction  of  effects  related  to  varying  drift  speeds,  influencing  the 
observation  of  thermal  distributions  of  rare  ions. 

Preliminary  results  confirm  earlier  work,  showing  excellent  correlations  among 
the  drift  speeds  of  minor  ions.  During  periods  of  low  kinetic  temperatures  the 
efficiency  of  adaptation  of  minor  ions  to  local  conditions  appears  to  be  ordered 
according  to  the  m/q  ratio  of  a  given  species. 


THE  PROVISION  OF  ATOMIC  DATA  AND  ESTIMATIONS  OF 
ACCURACY 

A.  Hibbert 

Queen's  University  Belfast. 

In  recent  years,  the  quality  and  resolution  of  observational  data  has  so  improved 
that  the  accuracy  of  atomic  data  is  frequently  the  limiting  factor  in  progress. 
It  is  therefore  imperative  not  merely  that  atomic  data  of  improved  accuracy 
are  determined,  but  that  a  realistic  assessment  of  that  accuracy  is  provided. 
We  will  discuss  various  indicators  of  accuracy,  for  transition  probabilities  and 
cross  sections,  and  how  semi-empirical  improvements  can  be  made  to  refine  ab 
initio  results  from  already  extensive  calculations. 

The  main  points  will  be  illustrated  with  data  from  relevant  atomic  transitions. 


SOLAR  WIND  ISOTOPIC  ABUNDANCE  RATIOS  OF  NE,  MG. 
AND  SI  MEASURED  BY  SOHO/CELIAS/MTOF  AS  DIAGNO¬ 
STIC  TOOL  FOR  THE  INNER.  SOLAR  CORONA 

R.  Kallenbach  (I),  F.M.  Ipavich  (2).  II.  Kucharek  (3).  P.  Bochsler  (4).  J. 
Geiss  (1),  F.  Glicm  (3),  G.  Gloeckler  (2),  A.B.  Galvin  (2),  H.  Griinwaldt  (6). 
M.  Hilchenbach  (6)  and  D.  Hovestadt  (3) 

(1)  International  Space  Science  Institute,  CH-3012  Bern,  Switzerland,  (2)  Dept, 
of  Physics  arid  Astronomy,  University  of  Maryland,  College  Park,  MD  20742, 
USA,  (3)  M&x-Planck-Institut  fur  Extraterrestrische  Physik,  D-85740  Cat¬ 
ching.  Germany,  (4)  Physikalisches  Institut,  University  of  Bern,  CH-3012  Bern. 
Switzerland.  (5)  Technische  Universitat,  D-380’23  Braunschweig.  Germany, 
(6)  Max-Planck-lnstitut  fur  Aeronomie,  D-37189  Katlenburg-Lindau,  Germany. 

Using  the  high-resolution  mass  spectrometer  CELIAS/MTOF  on  board  SOHO 
we  have  measured  the  solar  wind  isotopic  abundance  ratios  of  Ne.  Mg,  and  Si  in 
different,  solar  wind  regime*  with  bulk  velocities  ranging  from  350  km/s  to  650 
km/s.  Data  indicate  a  systematic  depletion  of  the  heavier  isotopes  in  the  slow 
solar  wind  compared  to  their  abundances  in  the  fast  solar  wind  from  coronal 
holes.  These  variations  in  the  solar  wind  isotopic  composition  represent  a  pure 
mass- depen  dent  effect  because  the  different  isotopes  of  an  element  pass  the 
inner  corona  with  the  same  charge  state  distribution.  The  influence  of  particle 
mass  on  the  acceleration  of  minor  solar  wind  ions  will  be  discussed  in  the 
context  of  theoretical  models  and  recent  optical  observations  with  other  SOHO 
instruments. 


TEMPERATURE  OF  THE  SOURCE  REGION  AS  DERIVED 
FROM  HIGH  RESOLUTION  IONIC  CHARGE  MEASURE¬ 
MENTS  WITH  SEPICA/ACE 

B.  Klecker  (1),  E.  Mobius  (2),  A.T.  Bogdanov  (1),  D.  Hovestadt  (1),  L.M. 
Kistler  (2),  M.A.  Popecki  (2),  E.J.  Lund  (2)  and  D.  Heirtzler  (2) 

(1)  Max-Planck-Institut  fur  extraterrestrische  Physik,  85740  Garching,  Ger¬ 
many,  (2)  Space  Science  Center,  University  of  New  Hampshire,  USA. 

We  present  new  results  of  high  resolution  ionic  charge  measurements  in  gradual 
solar  energetic  particle  events.  The  measurements  have  been  made  with  the 
Solar  Energetic  Particle  Ionic  Charge  Analyzer  (SEPICA)  on  the  Advanced 
Composition  Explorer  (ACE)  launched  in  August  1997  and  cover  the  energy 
range  %  0.2  -  1.3  MeV/nuc  (for  oxygen).  The  new  measurements  provide  for 
the  first  time  abundances  of  individual  charge  states  in  the  mass  range  4  -  20 
and  at  higher  masses  an  ionic  charge  resolution  that  is  significantly  better  than 
in  previous  measurements.  The  ionic  charge  distributions  will  be  used  to  derive 
the  temperature  of  the  source  region  of  the  particles. 
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SOLAR  WIND  THEORY  -  IN  LIGHT  OF  RECENT  OBSERVA¬ 
TIONS 
E.  Leer 

Institute  of  Theoretical  Astrophysics,  University  of  Oslo,  P.0.  Box  1029  Blm- 
dern,  0315  Oslo,  Norway. 

In  this  presentation  we  will  discuss  the  basic  physics  of  the  corona/solar  wind 
system,  and  how  recent  observations  can  be  used  to  place  constraints  on  the 
energy  deposition  in  the  corona. 


HIGHLY  ENERGETIC  ELECTRONS  ACCELERATED  BY 
CORONAL  SHOCK  WAVES 

G.  Mann  (1),  H.-T.  ClaCen  (1),  H.  Aurass  (1),  A.  Klassen  (1),  H.  Kunow  (2) 
and  W.  Droge  (2) 

(1)  Astrophysikalisches  Institut  Potsdam,  An  der  Sternwarte  16.  Potsdam, 
D- 14482  Germany,  (2)  Institut  fur  Experimentelle  und  Angewandte  Phvsik, 
Univerity  of  Kiel,*Otto-Hahn-Platz  1,  Kiel,  D-24118  Germany. 

Combined  SOHO  and  ground  based  radio  observations  show  evidently  signa¬ 
tures  of  electrons  accelerated  by  a  coronal  shock  wave  during  the  event  on 
July  9,  1996.  A  solar  type  II  radio  burst  has  been  received  as  a  signature  of  a 
coronal  shock  wave  by  the  radiospectralpolarimeter  (40-800  MHz)  of  the  Astro¬ 
physikalisches  Institut  Potsdam  at  300  MHz  on  9:10:54  UT.  It  was  accompanied 
with  electron  beams  appearing  as  type  III  radio  bursts  below  80  MHz.  Simulta¬ 
neously.  the  C-OSTEP  instrument  aboard  SOHO  has  measured  enhanced  elec¬ 
tron  fluxes  in  the  range  30  keV  -  7  MeV.  This  indicates  that  a  shock  wave 
travelling  with  a  velocity  of  1300  km/s  through  the  corona  was  able  to  produce 
highly  energetic  electrons. 

A  mechansini  of  electron  acceleration  up  to  relativistic  energies  is  presented 
and  compared  with  the  observations.  The  electron  acceleration  takes  place  at 
substructures  of  quasi-parallel  collisionless  shocks.  Large  amplitude  magnetic 
field  fluctuations  are  these  substructures  in  the  up-  and  downstream  region  of 
the  related  shock. 


EFFECTS  OF  PLASMA  FLOWS  CONFINED  IN  CORONAL 
LOOPS  ON  SOHO  OBSERVATIONS 
S,  Orlando  (1)  and  G.  Peres  (2) 

(1)  ESA  Solar  System  Division,  Space  Science  Dept:.  ESTEC*.  Xoordwijk.  The 
Netherlands.  (2)  Istituto  ed  Osservatorio  Astronomico  di  Palermo,  Palermo, 
Italy. 

orlandoCso.estec.esa.nl/Fax:  [31]  <1  565  4697 

\\>  investigate  the  deviations  from  ionization  equilibrium  induced  by  stationary 
plasma  flows  confined  in  coronal  loops  and  their  effects  on  the  W  and  EUV 
emission  lines  observed  by  the  instruments  on  board  SOHO.  To  synthesize  the 
emission  lines,  we  use  a  rather  complete  model  of  coronal  loop  hosting  a  siphon 
flows  which  take  into  proper  accounts  thermal  conduction,  radiative  losses,  and 
local  energy  input,  together  with  the  effects  of  gravity.  We  present  here  results 
on  the  detailed  synthesis  of  loop  emission  in  specific  bands  and  lines  observed 
by  SOHO,  taking  into  account  the  non-equilibrium  of  ionization,  obtained  with 
the  use  of  ASAP,  a  powerful  presentation  system  for  astrophysical  plasmas. 


UVCS  OBSERVATIONS  OF  POLAR  REGIONS 

G.  Poletto,  and  the  UVCS  Team  (1) 

(1)  Osservatorio  di  Arcetri,  Largo  Fermi,  5,  50125  Firenze,  Italy. 
polettoOarcetri.astro.it/Fax:  [39]  55  220039 

UVCS  observations  of  polar  regions  provide  a  wealth  of  information  on  the 
physical  conditions  of  the  solar  plasma  at  heliocentric  heights  which,  so  far, 
have  been  little  explored.  Knowledge  of  the  physical  parameters  in  these  re¬ 
gions  is  crucial  to  understand  how  the  extended  corona  is  heated  and  the  solar 
wind  accelerated.  UVCS  data,  relevant  to  these  issues,  will  be  revued  and  their 
implications  for  solar  wind  modeling  will  be  briefly  illustrated. 


ION  TEMPERATURES  IN  A  SOLAR  POLAR  CORONAL  HOLE 
OBSERVED  BY  SUMER  ON  SOHO 

E.  Marscli.  C.-Y.  Tu,  K.  Wilhelm  and  W.  Curdt 

Max-Planck-lnstitut  fur  Aeronomie,  Max-Planck-Str.  2,  D-37191  Katlenburg- 
Lindau.  Germany. 

marschClinmpi.mpg.de/Fax:  [49]  5556  9f9  240 

The  temperatures  of  some  highly  charged  ions  in  the  southern  solar  polar  coro¬ 
nal  hole  are  determined  from  the  widths  of  the  EUV  lines  measured  by  the 
SUMER  instrument  on  SOHO.  Radiations  from  both  light  ions,  such  as  Ne6+. 
Ne7+.  Mg7+.  Mg9+,  Si6+,  Si7+  and  heavy  ions,  such  as  Fe9+.  Fel0+  and  Fell  +  , 
are  recorded  from  off-limb  observations.  We  refer  here  to  the  limb  as  the  height, 
/i0,  where  the  limb  brightening  of  the  Niv  765  A  line  maximizes.  After  cor¬ 
rection  of  the  measured  line  widths  for  instrument  contributions,  the  intrinsic 
widths  of  these  emission  lines  are  due  to  thermal  motions  of  the  ions  and  tur¬ 
bulent  wave  motions  of  the  background  plasma.  The  average  temperature  of 
Ne  VIII.  at  heights  above  the  southern  limb  relative  to/»»  from  17"  to  64",  ranges 
between  1.3  and  5xl06  K  and  of  Ne6+  between  1  and  4xlOfi  K.  It  is  found 
that  the  ion  thermal  speed  decreases  with  increasing  mass  per  charge,  while  the 
ion  temperature  remains  roughly  constant.  In  another  observation  at  heights 
from  167"  to  183"  above  /i0,  the  temperature  of  the  ions  slightly  increases  with 
increasing  mass  per  charge,  while  the  thermal  speed  reveals  no  clear  trend.  'I he 
upper  limits  of  the  turbulence  amplitude.  <  Sv~  >U-,  as  derived  for  these  two 
altitude  ranges,  are  33-37  and  44  km  s_l.  respectively. 


SOHO  OBSERVATIONS  OF  THE  OUTER  SOLAR  ATMO¬ 
SPHERE:  STATUS  AND  PROSPECTS 

D.  Spadaro 

Osservatorio  Astrofisico  di  Catania,  1-95125  Catania,  Italy. 
dspadaroQastrct . ct . astro.it/Fax:  [+39]  95  330592 

We  present  and  discuss  some  of  the  main  observational  results  recently  ob¬ 
tained  by  the  coronal  remote-sensing  instruments  on  board  t.he  SOHO  satellite 
(CDS,  EIT,  LASCO,  SUMER,  UVCS).  We  concentrate,  in  particular,  on  the 
contribution  given  by  these  observations  to  a  more  detailed  understanding  of 
the  physical  conditions  in  the  solar  chromosphere,  transition  region  and  corona 
(temperature,  density,  flow  velocity,  chemical  composition,  magnetic  configura¬ 
tion  and  so  on).  Some  emphasis  is  given  to  the  measurements  of  emission  EUV 
line  profiles  (shape,  width,  Doppler  shift)  and  to  their  importance  for  investi¬ 
gating  the  dynamical  nature  of  the  solar  atmosphere  plasma.  We  also  present 
some  results  got  in  the  extended  corona  concerning  line  intensities  and  profile 
which  can  be  important  for  the  understanding  of  the  solar  wind  heating  and 
acceleration  processes.  These  results,  coupled  to  plasma  diagnosis  with  in-situ 
particle  instruments,  can  help  to  establish  the  nature  of  the  relationship  be¬ 
tween  conditions  in  the  regions  of  origin  of  the  solar  wind  and  the  plasma  flow 
properties  observed  at  1  A.U. 
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THE  SOLAR  CORONA  ABOVE  POLAR  CORONAL  HOLES  AS 
SEEN  BY  SUMER  ON  SOHO 

K.  Wilhelm  (1),  E.  Marsch  (1),  B.  N.  Dwivedi  (1,2),  D.  M.  Hassler  (3),  P. 
Lenmire  (4),  A.  Gabriel  (4)  and  M.  C.  E.  Huber  (5) 

(1)  Max-Planck-Institut  fur  Aeronomie,  D-37191  Katleuburg-Liudau,  Ger¬ 
many,  (2)  Department  of  Applied  Physics,  Banaras  Hindu  University.  Varanasi* 
221005,  India,  (3)  Southwest  Research  Institute,  Boulder,  CO,  USA,  (4)  Institut 
d’Astrophysique  Spatiale,  F-91405  Orsay,  France,  (5)  European  Space  Agency, 
ESTEC.  NL-2200  AG  Noordwijk,  The  Netherlands. 
marschOIinmpi .npg.da/Fax:  [49]  5556  979  240 

Electron  temperatures  and  ion  velocities  in  plumes  and  inter-plume  regions 
of  polar  coronal  holes  are  deduced  from  ultraviolet  observations  of  SUM  EH. 
We  find  the  electron  temperature,  Te,  to  be  less  than  0.C  MK  in  a  plume 
in  the  altitude  range  from  r  =  1.03-1.60  and  to  decrease  with  height  to 
~  0.3  MK.  Near  an  inter-plume  lane,  the  electron  temperature  is  also  low,  but 
stays  between  0.5  and  0.6  MK  in  the  same  height  interval.  O  vi  line  widths  in 
plumes  are  narrower  (AAd  «  150  mA,  vx/e  a  43  km  s'1)  than  in  inter-plume 
lanes  (ss  190  mA,  t >i/e  ss  55  km  s'1).  The  thermal  and  turbulent  ion  speeds  of 
Si7+  reach  values  up  to  ta  80  km  s'1  in  the  darkest  regions  above  the  coronal 
hole.  This  corresponds  to  a  kinetic  ion  temperature  of  1  x  1U7  K.  A  limit  of 
as  18  km  s'1  for  the  bulk  speed  in  plumes  below  r  =  1.2  /?0  is  deduced  from 
O  VI  line  shifts  measurements  and  consideration  of  the  three-dimensional  plume 
geometry  (differential  line-of-sight  velocities  <  3  km  s'1),  whereas  differential 
line-of-sight  velocities  of  Mg8+  ions  up  to  34  km  s'1  can  be  seen  in  dark  regions. 


ST13  The  Sun:  SOHO  and  related  results 

02  Multi-wavelength  observations  of  solar 
atmospheric  structure,  evolution  and 
eruptions 

Convener:  Harrison,  R.A. 

Co-Convener:  Delaboudiniere,  J.-P. 


MULTI- WAVELENGTH  ANALYSIS  OF  INTENSITY  DISTRIBU¬ 
TION  IN  BRIGHT  POINTS 

V.  Aletti,  K.Bocchialini  and  J.C.  Vial 

Institut  d’Astrophysique  Spatiale,  Bat. 121,  Universite  Paris  XI  -  CNRS,  F- 
91405  Orsay  cedex,  France. 

Bright  Points,  small  and  short  lifetime  structures,  appear  permanently  in  the 
solar  atmosphere  and  could  be  considered  as  intermittent  energetic  bursts.  They 
could  be  the  result  of  the  superposition  of  non-observable  small  scales  events, 
characterized  by  an  intensity  distribution  that  follows  a  power  law,  as  obtained 
in  Self  Organized  Criticality  models.  Bright  Points  have  been  observed  between 
June  and  November  1997,  with  CDS  and  SUMER  on-board  SOHO,  in  several 
lines  formed  at  different  temperatures.  We  have  performed  a  statistical  analysis 
in  order  to  determine  the  coefficients  of  such  power  laws,  as  a  function  of  the 
temperature  of  lines  formation.  These  coefficients  will  be  discussed  in  term  of 
energy  release. 


THE  SILICON,  OXYGEN,  AND  IRON  ABUNDANCE  IN  THE 
SOLAR  WIND 

P.  Wurz  (1),  F.M.  Ipavich  (3),  P.  Bochsler  (1),  M.R.  Aellig  (1),  S.  Hefti  (1), 
R.  Kallenbach  (2),  A.B.  Galvin  (3),  H.  Griinwaldt  (4),  M.  Hilchenbach  (4),  F. 
Gliem  (5),  D.  Hovestadt  (6)  and  anci  the  CELIAS  Team  (*) 

(1)  University  of  Bern,  Sidlerstr.  5,  CH-3012  Bern,  Switzerland,  (2)  Interna¬ 
tional  Space  Science  Institute,  Hallerstrasse  6,  CH-3012  Bern,  Switzerland, 
(3)  University  of  Maryland,  College  Park,  MD  20742.  USA,  (4)  Max-Planck- 
Institut  fur  Aeronomie,  D-37189  Katlenburg-Lindau.  Germany,  (5)  Technische 
Universitat,  D-38023  Braunschweig,  Germany,  (6)  Max-Planck-Institut  fur  ex- 
traterrestrische  Physik,  D-85740,  Garching,  Germany.  (*)  . 

The  CELIAS  instrument  onboard  the  SOHO  satellite  is  designed  to  study  the 
ionic,  elemental,  and  isotopic  composition  of  solar  wind  ions  and  of  solar  ener¬ 
getic  particles.  With  the  MTOF  sensor  (Mass  Time-of-Flight)  of  the  CELIAS 
instrument  we  can  measure  the  elemental  and  isotopic  composition  in  the  main 
energy  range  of  the  solar  wind  (slow  and  fast)  with  high  mass  and  time  resolu¬ 
tion.  We  will  present  data  of  the  elemental  abundance  of  oxygen,  silicon,  and 
iron  solar  wind  ions.  These  three  elements  span  almost  the  full  mass  range  of 
the  minor  ions  in  the  solar  wind.  Furthermore,  this  selection  contains  low  and 
high  ionization  potential  elements,  allowing  for  a  detailed  study  of  abundance 
variations  depending  on  the  type  of  the  solar  wind. 


LASCO  AND  UVCS  OBSERVATIONS  AND  CHARACTERIZA¬ 
TION  OF  A  STREAMER  CME  ON  13-14AUG97 

M.  D.  Andrews  (1,3),  L.  Strachan  (2),  J.  C.  Raymond  (2),  S.  Fineschi  (2),  R. 
O’Neal  (2),  J.  L.  Kohl  (2),  J.  S.  Morril  (3),  R.  A.  Howard  (3),  A.  Modigliani  (4), 
G.  Noci  (4),  D.  A.  Biesecker  (5),  R.  Schwenn  (6)  and  P.  L.  Lamy  (7) 

(1)  Hughes  STX,  4400  Forbes  Blvd,  Lanham,  MD,  USA,  (2)  Harvard- 
Smithsonian  Center  for  Astrophysics,  60  Garden  St.,  Cambridge,  MA  USA, 
(3)  E.  O.  Hulburt  Center  for  Space  Research,  Naval  Research  Laboratory, 
Washington  D.C.,  20375-5320  USA,  (4)  Univ.  of  Florence,  Florence,  Italy, 
(5)  Space  Research  Group,  School  of  Physics  and  Space  Research,  Universtiy 
of  Birmingham,  Birmingham,. U.K.,  (6)  Max-Planck-Institut  fur  Aeronomie, 
Lindau, Germany,  (7)  Laboratoire  d’Astronomie  Spatiale,  Marseille,  France. 

The  Large  Angle  Spectroscopic  Coronagraph  (LASCO)  instruments  observed 
a  low- velocity  streamer  blow-out  type  Coronal  Mass  Ejection  (CME)  on  13- 
14Aug97.  At  the  same  time,  the  UltravioletCoronagraph  Spectrometer  (UVCS) 
instrument  was  conducting  streamer  studies  and  observed  the  CME  from  1.5 
to  8  solar  radii.  Data  from  the  two  instruments  have  been  combined  to  examine 
the  3-dimensional  structure  and  velocity  of  this  CME.  The  UVCS  data  show 
no  evidence  of  cool  material  in  this  event.  Both  the  LASCO  and  UVCS  data 
suggest  that  all  of  the  material  in  the  CME  came  from  a  pre-existing  streamer. 
LASCO  and  UVCS  are  instruments  on  the  Solar  and  Heliospheric  Observatory 
which  is  a  mission  of  international  cooperation  between  ESA  and  NASA. 


THE  EUV  SOLAR  IRRADIANCE  SPECTRUM  OBSERVED 
WITH  CDS  ON  SOHO 

P.Brekke  (1),  W.  T.  Thompson  (2),  T.  Woods  (3)  and  Frank  Eparvier  (3) 

(1)  Institute  of  Theoretical  Astrophysics,  University  of  Oslo,  Norway.  (2)  Space 
Applications  Corporation,  901  Follin  Lane,  Suite  400,  Vienna,  YA  22180,  USA. 
(3)  The  Laboratory  for  Atmospheric  and  Space  Physics  (LASP).  1234  Innova¬ 
tion  Dr, Boulder.  CO  80309. 
paalbCastro.uio.no/Fax:  [47]  22856505 

The  solar  extreme  ultraviolet  (EUV)  irradiance  is  important  for  upper  atmo¬ 
spheric  studies  as  it  is  the  dominant  source  for  heating  and  ionization  at  alti¬ 
tudes  above  90  km.  A  calibrated  solar  ELTV  irradiance  spectrum  in  the  range 
307-380  A  and  515-632  A  is  presented.  The  ''Sun  as  a  Star"  spectrum  was 
recorded  by  the  Coronal  Diagnostic  Spectrometer  (CDS)  on  SOHO  on  May  15 
1997  using  the  normal  incidence  spectrometer  (XIS)  with  a  spectral  resolution 
between  0.3  and  0.6  A.  The  full  disk  spectrum  is  compared  with  simultaneous 
well  calibrated  EUV  irradiance  measurements  from  a  LASP  rocket  payload. 
The  present  spectrum  includes  emission  lines  formed  in  the  temperature  range 
I04  to  over  10ft  K.  many  of  them  suitable  for  plasma  diagnostics.  Line  fluxes 
for  the  most  prominent  lines  are  extracted  for  the  calibration  and  for  the  solar 
irradiance  studies.  This  measurement  should  represent  well  solar  minimum  con¬ 
ditions  as  the  datly  10.7  cm  radio  flux  was  73  (units  of  10“22  W  m“2  Hz'1). 
The  relatively  high  spectral  resolution,  compared  to  other  irradiance  experi¬ 
ments,  allow  the  separation  of  blends  and  the  differentiation  of  weak  emission 
lines  and  the  continuum  emission. 
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BRIGHT  EUV  SUNSPOT  PLUMES  EXIST 

N.  Brynildsen,  P.  Brekke,  S.  V.  H.  Haugan,  O.  Kjeldseth-Moe,  P.Maltbv  and 

O.  Wikstol 

Institute  of  Theoretical  Astrophysics,  University  of  Oslo,  Oslo,  Norway. 
per.maltbyCastro.uio.no/Fax:  [47]  22  85  65  05 

During  the  Skytab  mission  considerable  attention  was  given  to  bright  plumes  of 
EUV  line  emission  in  the  atmosphere  overlying  sunspot  umbrae.  However,  ob¬ 
servations  with  the  UVSP  instrument  on  the  Solar  Maximum  Mission  -  SMM 
led  to  the  conclusion  that  the  umbral  transition  region  is  generally  indistin¬ 
guishable  from  the  quiet  transition  region.  Based  on  observations  of  nine  dif¬ 
ferent  sunspot  regions  with  the  Coronal  Diagnostic  Spectrometer  -  CDS  on 
SOHO  we  find  bright  EUV  sunspot  plumes  in  five  regions.  In  the  other  four  re¬ 
gions  the  brightest  line  emissions  may  appear  inside  the  sunspot  but  are  mainly 
concentrated  in  small  regions  outside  the  sunspot  areas. 


MULTIPLE  FLOWS  IN  THE  ACTIVE  REGION  NOAA  7995 

P.  Brekke  (1),  N.  Brynildsen  (1),  0.  Kjeldseth-Moe  (1),  P.  Maltby  (1)  and  K. 
Wilhelm  (2) 

(1)  Institute  of  Theoretical  Astrophysics,  University  of  Oslo,  Oslo,  Norway. 

(2)  Max-Planck-Institut  fur  Aeronomie,  D-37191  Katlenburg-Lindau,  Ger¬ 
many. 

paalbCastro.uio.no/Fax:  [47]  22  85  65  05 

The  high  spatial  and  spectral  resolution  of  SUMER  allow  us  to  study  in  de¬ 
tail  the  profile  of  emission  lines  formed  at  different  temperatures  within  the 
transition  region.  Based  on  observations  of  the  active  region  NOAA  7995  on 
17  November  1996  we  investigate  line  profiles  that  deviate  significantly  from  a 
single  Gaussian.  One  possible  interpretation  of  the  complicated  line  profiles  is 
an  extremely  structured  transition  region.  By  comparing  emission  line  profiles 
formed  at  different  temperatures  within  the  transition  region  we  explore  possi¬ 
ble  explanations,  such  as,  two  or  more  siphon  flows  within  the  same  spatial  res¬ 
olution  element,  line  shifts  caused  by  nonlinear  Alfven  waves  and  bi-directional 
plasma  jets. 


CLASSIFICATION  OF  CORONAL  MASS  EJECTIONS  IN  RE¬ 
GARDS  TO  THE  SOHO  NEW  VIEW 

C.  Delannee  and  J.P.  Delaboudiniere 

Institut  d’Astrophysique  Spatiale,  Universite  Paris  XI,  91405  ORSAY,  France. 
delanneeCmedoc-ias . u-psud .  f  r/Fax:  [33]  01 .69.85.86. /5 
In  regards  to  the  new  view  of  the  sun  provided  by  SoHO,  we  can  have  some 
new  information  about  the  Coronal  Mass  Ejections.  It  s  the  first  time  that  we 
can  see  a  CME  evolving  from  the  photosphere  to  the  far  corona.  We  tried  to 
observe  them  as  frequently  as  possible  with  EIT.  LASCO,  and  other  terrestrial 
instruments.  We  made  a  morphological  classification  of  this  phenomenon.  It 
seems  that  three  types  of  CME's  appear.  We  compare  these  results  to  the 
previous  analyses  of  CME's. 


NEW  RESULTS  ON  THE  SITE  OF  INITIATION  OF  CORONAL 
MASS  EJECTIONS 
V.  Eselevich 

Institute  of  Solar-Terrestrial  Physics,  664033  Irkutsk,  P.O.Box  4026,  Russia. 
eselfiis2f.irk.ru/Fax:  (395-2)  46  25  57 

The  place  of  origin  of  coronal  mass  ejections  (CMEs)  are  streamer  belts  with 
a  neutral  line  (NL)  and  streamer  chains  (or  streamer  belts  without  a  NL).  In 
some  months  during  1985-1987,  up  to  80-90%  of  the  total  number  of  CMEs  were 
produced  near  streamer  belts  with  a  NL.  As  one  approaches  maximum  solar 
activity,  along  with  an  increase  in  the  number  of  CMEs,  the  proportion  of  CMEs 
places  of  origin  lie  near  streamers  chains  is  as  high  as  80%  .  Because  of  the 
inaccuracy  in  determining  the  longitude,  some  CMEs  can  be  referred  to  both 
categories.  Then  the  CMEs  whose  places  of  origin  can  be  associated  solely  with 
streamers  chains  will  make  up  20-25%.  Transformation  processes  of  streamer 
belts  with  NL  and  streamer  chains  and  also  processes  of  disappearance  and 
formation  of  streamer  chains  are  likely  to  be  an  important  factor  contributing 
to  an  enhancement  of  CME  generation. 


ON  THE  POSSIBLE  RELATION  BETWEEN  THE  CHANGES  OF 
CORONAL  HOLES,  CORONAL  MASS  EJECTIONS  AND  LARGE 
GEOMAGNETIC  STORMS 
V.G.  Fainshtein 

Institute  of  Solar-Terrestrial  Physics,  664033  Irkutsk,  P.O.Box  4026,  Russia. 
vfainfiiszf.irk.ru/Fax:  (395-2)  46  25  57 

It  is  shown  that  the  magnetic  Storm  Sudden  Commencement  (SSC)  can  be 
preceded  by  the  following  effects  in  the  dynamics  of  coronal  holes  (CH):  - 
correlated  changes  in  the  configuration  of  neighbouring  CH  which  show  up  as 
a  decrease  of  the  distance  between  the  opposite  boundaries  or  parts  of  these 
boundaries  of  two  CH  and  as  the  subsequent  restoration  by  these  boundaries 
(or  their  portions)  of  a  state  similar  to  the  original  one;  -  the  appearance  of 
a  new  transient  or  longlived  CH.  These  effects  reveal  themselves  most  vividly 
in  41%  of  the  events  under  consideration.  The  effects  detected  in  the  CH 
dynamics  correlate  well  with  qualitative  concepts  of  the  manner  in  which  the 
magnetic  field  topology  changes  in  the  region  of  coronal  mass  eruption.  It  is 
concluded  that  these  effects  in  the  dynamics  of  coronal  holes  are  an  indication 
of  the  fact  that  a  coronal  mass  eruption  has  occurred.  It  is  shown  that  events 
with  a  clearly  defined  effect  in  the  CH  dynamics  are  attended  with  the  strongest 
magnetic  storms.  For  80%  of  such  events  the  storm  amplitude  maxKp  >  5, 
and  the  mean  value  of  the  storm  intensity  (meanmax Kp)  =  7°. 


OBSERVATIONAL  SUPPORT  FOR  ’VELOCITY  REDISTRIBU¬ 
TION’  OF  HE  II  IONS 

Adriana  Garcia  (1),  Stuart  Jordan  (2),  Jeffrey  Brosius  (-2)  and  Vincenzo  An- 
dretta  (2) 

(1)  Observatorio  Astronomico  da  Universidade  de  Coimbra.  Santa  Clara.  3040 
Coimbra,  Portugal,  (2)  NASA  Goddard  Space  Flight  Center,  Greenbelt.  MD 
20771,  USA. 

In  a  companion  presentation  (Jordan,  Andretta  Garcia)  we  present  evidence 
for  a  lower  limit  on  the  small-scale  nonthermal  velocity  of  He  II  ions,  sufficient 
to  produce  an  intensity  enhancement  that  reproduces  observations  of  the  line 
in  the  quiet  Sun.  Here,  we  give  examples  of  observations  from  a  SOHO/ ground- 
based,  quiet-Sun  campaign  of  May  8-13,  1997  that  bear  on  this  problem.  These 
include  observations  of  the  304  A  line  made  with  the  Normal  Incidence  Spec¬ 
trometer  (NIS)  of  the  Coronal  Diagnostic  Spectrometer  (CDS)  on  SOHO,  and 
the  4-0.5  A  wing  of  the  Ha  line  observed  at  the  Coimbra  Observatory.  Cor¬ 
relations  of  common  features  in  the  coregistered  images  are  discussed  in  an 
effort  to  identify  similar  regions  of  relatively  large  small-scale  velocity  in  the 
chromosphere  underlying  where  the  304  line  intensity  is  enhanced. 
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GROUND-BASED  AND  SPACE-BASED  MULTI-INSTRUMENT 
OBSERVATIONS  OF  THE  DISPARITION  BRUSQUE  AND  CME 
ACTIVITY  OF  25/26  SEPTEMBER  1996 

L.  van  Driel-Gesztelyi  (1,2),  B.  Schmieder  (1,3),  P.C.H.  Martens  (4),  D. 
Zarro  (5),  C.  DeForest  (5),  B.  Thompson  (5),  G.  Aulanier  (1),  P.  Demoulin  (1), 
C.  StCyr  (5).  T.  Kucera  (5),  J.T.  Burkepile  (6),  O.R.  White  (6),  Y.  Hanaoka  (7), 
N.  Nitta  (8).  P.  Mein  (1)  and  J.M.  Malherbe  (1) 

(1)  Obs.  de  Paris,  DASOP,  92195  Meudon,  France,  (2)  Konkoly  Obs.,  Budapest, 
H-1525,  Hungary.  (3)  Univ.  of  Oslo,  N-0315  Oslo,  Norway,  (4)  ESA/SSD  at 
Goddard  SFC,  Greenbelt,  MD  20771,  USA,  (5)  NASA/Goddard  SFC,  Green- 
belt,  MD  20771,  USA,  (6)  High  Altitude  Obs.,  Boulder.  CO  80306-3000.  USA, 
(7)  Nobeyama  Radio  Obs.,  NAOJ,  Japan,  (8)  Lockheed  Martin  Solar  and  As- 
trophys.  Lab.,  Palo  Alto,  CA  94304,  USA. 

A  filament  disparition  brusque  (DB)  associated  with  a  Coronal  Mass  Ejection 
(CME)  was  observed  during  a  campaign  of  multi-wavelength  observations  with 
the  SOHO  (SUMER,  CDS,  EIT.  MDI,  LASCO)  and  the  Yohkoh  (SXT)  space¬ 
crafts,  the  MSDP  multichannel  imaging  spectrograph,  the  MLSO/HAO  Chro¬ 
mospheric  Helium  Imaging  Photometer  and  the  Nobeyama  radioheliograph. 
The  timeline  of  this  complex  event  shows  that  a  swelling  of  the  corona  had 
started  before  the  DB  of  the  filament.  The  DB  was  followed  by  a  uragged  front" 
CME,  while  the  main  “bubble"  of  the  CME  was  probably  launched  hours  af¬ 
ter  the  DB  from  the  “zipper”  region  along  the  polar  crown  where  an  X-ray- 
arcade  formation  was  observed.  We  suggest  that  both  the  DB  and  the  CME 
were  symptoms  of  a  general  reorganization  of  large-scale  fields  on  the  Sun. 


RAMAN  SCATTERING  EMISSION  LINE 

IN  THE  SOLAR  RADIATION  SPECTRUM 

AS  A  NEW  TOOL  FOR  INVESTIGATING  THE  SUN 

V.  Grigoryev,  N.  Klochek  and  M.  Nikonova 

Institute  of  Solar-Terrestrial  Physics,  P.O.Box  4026,  Irkutsk  664033,  Russia. 
klochekCiazf . irk.ru 

The  optical  spectra  of  many  nonstationary  stars  reveal  the  emission  lines  H, 
He  formed  in  their  expanding  atmospheres.  The  spectra  of  such  nonstationary 
stars  as  symbiotic  ones  are,  often  have  the  wide  (up  to  20 A)  emission  line  of 
about  A6825A  that  has  been  identified  comparatively  recently  as  to  be  due 
to  the  Raman  scattering  of  the  OVI  resonance  line  A 1032 A  by  the  neutral 
hydrogen  atoms  (Schmid,  1989.  AA.V.21I.L31).  Taking  into  consideration  the 
presence  of  strong  emission  lines  of  OVI  A1032A  and  the  neutral  hydrogen 
A1216A  in  the  UV  Sun’s  spectrum  an  attempt  was  made  to  reveal  the  Raman 
scattering  in  the  visual  range,  namely,  in  the  neighbourhood  of  A6825 A.  For 
this  purpose  the  high-accuracy  spectral  measurements  of  the  Sun-as-a-star. 
its  centre  and  the  sunspot  umbra  were  used.  Well-defined  variations  of  the 
continuum  level  with  the  profiles  typical  for  the  emission  lines  were  revealed  in 
this  spectral  range  on  the  background  of  the  narrow  Fraunhofer  lines.  Given 
proper  procedure  of  determining  the  the  parameters  (profile,  intensity,  width 
and  polarization)  of  this  emission  line  it  might  be  a  new  tool  in  the  ground- 
based  studying  the  transition  region  and  the  corona  of  the  Sun  in  support  of 
the  spacebome  observations  in  line  OVI  A1032A  like  SOHO  observations  are. 


QUIET  SUN  TRANSIENT  ACTIVITY:  BLINKERS,  EXPLOSIVE 
EVENTS  AND  THE  MAGNETIC  CARPET 

R.  A.  Harrison 

Space  Science  Dept.,  Rutherford  Appleton  Laboratory,  Chilton.  Didcot  Ox¬ 
fordshire  OX11  0QX,  UK. 

harrisonCsoIg2.bnsc.rl.ac.uk/Fax:  [44]  1235  44  6884 

Recent  campaigns  with  multiwavelength  observations  of  the  quiet  Sun  have 
revealed  some  new  features  of  transient  solar  activity.  The  extreme  ultravio¬ 
let  observations  of  the  quiet  Sun  network  in  the  few  thousand  K  region,  using 
the  SOHO  Coronal  Diagnostic  Spectrometer  (CDS)  have  shown  evidence  for 
transient  ‘flashes’  which  have  become  known  as  blinkers.  In  addition,  the  ma- 
gentic  observations  from  the  Michelson  Doppler  Imager  (MDI)  instrument  also 
on  SOHO  have  displayed  a  fine-scale  magnetic  ‘carpet’  with  clear  evidence  for 
magnetic  flux  emergence  and  migration  across  cell  Structures.  Are  the  CDS 
blinker  events  related  to  the  merging  of  magnetic  flux  at  the  boundaries  of  the 
cells?  Is  there  any  relationship  between  the  blinker  events  and  the  so-called  ‘ex¬ 
plosive  events’  seen  at  longer  wavelengths  by  the  SOHO  Solar  l'V  Measurement 
of  Emitted  Radiation  (SUMER)  instrument,  in  the  quiet  Sun?  These  activities 
are  globally  distributed  and  it  is  quite  possible  that  they  may  play  a  significant 
role  in  such  global  anomalies  as  coronal  heating  and  solar  wind  acceleration. 
Thus,  it  is  extremely  important  to  clarify  the  nature  of  the  phenomena  seen  in 
the  quiet  Sun  by  the  SOHO  instrumentation  and  to  assess  their  significance  to 
basic  solar  processes. 


FOUR  WAVELENGTHS  3D  GEOMETRY  OF  SOLAR 
STRUCURES 

Guy  ARTZNER IAS/CNRS 

Institut  d’Astrophysique  Spatiale  /  Centre  national  de  la  Recherche 

Scientifique 

artzner  @  iaslab.ias.fr 

The  four  wavelengths  images  of  the  solar  disk  and  corona  from  the  EIT 
(Extreme  ultraviolet  Imaging  Telescope)  on  board  the  precisely  oriented 
Solar  and  Heliospheric  Observatory  (SOHO)  have  good  astrometric 
properties.  Their  global  stability  and  distorsion  is  better  than  0"3.  Pairs 
of  the  observed  solar  hemisphere  at  different  times  separated  by  2  hours 
up  to  lOhrs  are  presented  as  pseudo  stereo  pairs.  Analog  points  are 
visually  located  and  further  numerically  processed  in  order  to 
reconstruct  the  3D  geometry  of  hypothetically  stable  solar  structures. 

In  this  way  we  investigate  static  departures  from  perfect  sphericity  for 
structures,  especially  before  and  after  events  like  coronal  mass 
ejections,  flares,  and  disparitions  brusques. 

We  then  speculate  about  actual  dynamic  stereo  viewing  of  the  Sun  by 
simultaneaous  observations  from  widely  separated  points. 


OBSERVATIONS  OF  AN  ERUPTING  PROMINENCE 

D.E.  Innes  (1),  B.  Inhester  (1),  R.  Harrison  (2),  S.  Matthews  (3),  J.C. 
Noens  (4)  and  B.  Schmieder  (5) 

(1)  Max-Planck-Institut  fur  Aeronomie,  D-37189  Katlenburg-Lindau,  Germany 
,  (2)  Space  Science  Dept.,  Rutherford  Appleton  Laboratory,  Oxfordshire  OX II 
OQX,  UK,  (3)  Mullard  Space  Science  Laboratory,  University  College  London, 
Surrey  RH5  6NT,  UK,  (4)  Observatoire  Midi- Pyrenees,  65200  Bagneres  de 
Bigorre,  France,  (5)  Observatoire  de  Paris,  Section  de  Meudon,  92195  Meudon 
Principle  Cedex,  France. 

innea01inaxl.mpae.gwdg.de/Fax:  [49]  5556  979  240 

A  prominence  eruption,  small  flare  and  coronal  mass  ejection  were  seen  on 
April  9th  1997  on  the  SW  limb  of  the  Sun.  Images  of  the  events  taken  in 
Fe  XII  line  with  EIT,  the  Fe  XIV  line  with  LASCO  Cl  and  C2  coronagraphs, 
the  YOHKOH  soft  X-ray  telescope,  and  Ha  show  the  relationship  between 
the  different  phenomena.  The  CDS  obtained  spectra  of  the  ejected  filament  in 
O  III,  O  V  and  Mg  IX  as  it  raced  outward  through  the  corona  as  well  as  images 
before  and  after  the  main  events  in  lines  ranging  from  cool  He  I  emission  to 
hot  Fe  XVI  emission. 

The  presentation  will  be  accompanied  by  a  video. 


CORRELATIVE  STUDY  OF  CORONAL  AND  TRANSITION  RE¬ 
GION  EMISSION  PATTERNS  WITH  THE  MAGNETIC  FIELD 
STRUCTURE  USING  SOHO  OBSERVATIONS 

W.-H.  Ip  (1),  I.E.  Da imu ascii  (1),  K.  Willie! in  (I)  and  T.l)  Tarbell  (2) 

(1 )  Max- Planck- Instil ut  fiir  Aeronomie.  D-37191  Katlenburg-Lindau.  Germany, 

(2)  Lockheed  Martin  Advanced  Technology  Center.  91-30/252.3251  Hanover 
St..  Palo  Alto.  CA  94304.  USA. 

ip01inmpi.mpg.de/Fax:  [49]  5556  979  210 

A  long-term  scan  of  17  hours  of  a  solar  active  region  was  per  formed  bv  the 
SUMER  instrument  on  November  17,  1990.  another  scan  of  10  hours  was  per¬ 
formed  on  November  20.  1990.  While  the  spectrograph  slit  was  held  fixed  at 
the  central  meridian,  the  rotation  of  the  Sun  permitted  the  mapping  of  the  line 
emissions  of  the  transition  region  lines  (e.g.,  Niv  at  705  A)  and  a  low  coronal 
line  (Nevill  at  770  A)  over  a  region  of  100  arcsec  in  latitude  and  103  arcsec  in 
longitude.  On  the  second  day.  transition  region  lines  (Si  tv.  Siv.  Oiv  around 
1400  A)  were  observed  over  a  region  of  80  arcsec  in  latitude  ami  I  I  I  nrcsee 
in  longitude.  The  organization  of  the  dynamical  parameters  in  terms  of  up¬ 
ward  and  downward  Hows  will  be  compared  wit li  the  magnetic  field  structures 
measured  by  MDI. 
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A  LOWER  LIMIT  ON  NONTHERMAL  VELOCITIES  OF  QUIET- 
SUN  HE  II  IONS 

Stuart  Jordan  (1).  Vincenzo  Andretta  (1)  and  Adriana  Garcia  (2) 

(1)  NASA  Goddard  Space  Flight  Center,  Greenbelt.  MD  20771,  USA,  (2)  Ob- 
servatorio  Astronomico  da  Universidade  de  Coimbra,  Santa  Clara,  3040  Coim¬ 
bra,  Portugal. 

jordan0stars.g3fc.nasa.gov/Fax:  [lj  301-286-1617 

A  critical  parameter  in  determining  the  formation  of  the  He  II  304  A  line  in 
the  Sun  is  the  magnitude  of  the  nonthermal  velocity  of  these  ions.  Earlier  work 
has  strongly  suggested  that  the  dominant  formation  mechanism  in  the  quiet 
Sun  is  likely  to  be  electron  collisional  excitation  of  these  ions,  but  a  means  of 
enhancing  the  theoretical  intensity  to  agree  with  observations  is  still  sought.  An 
earlier  proposal  to  achieve  this  was  mixing  of  the  ions  with  hotter  thermal  elec¬ 
trons  by  what  we  call  ’velocity  redistribution.’  Evidence  from  SERTS  sounding 
rocket  observations  has  established  the  probability  of  sufficiently  high  veloc¬ 
ities  of  these  ions.  Here  we  demonstrate  an  observational ly  determined  lower 
limit  on  the  small-scale  nonthermal  velocity  of  the  He  II  ions  in  the  quiet  Sun. 
This  lower  limit  is  large  enough  for  velocity  redistribution  to  yield  the  line  in¬ 
tensities  observed  there.  In  a  companion  presentation  {Garcia,  Jordan.  Brosius 
k  Andretta)  we  present  and  evaluate  some  relevant  SOHO  and  ground-based 
observations  to  further  test  the  velocity  redistribution  hypothesis. 


ABSORPTION  OF  7-RAYS  AND  DIAGNOSIS  OF  SOLAR 
PLASMA  DENSITY  ALTITUDE  PROFILE  FROM  THE  TIME 
DEPENDENCE  OF  SOLAR  FLARE  7-LINE 
B.  M.  Kuzhevskij  and  E.  V.  Troitskaia 

D.V.  Skobeltsvn  Institute  of  Nuclear  Physics,  Moscow  State  University,  119899, 
Moscow,  Russia. 

troiOsrdlan . npi .msu . su 

In  our  previous  papers  we  have  shown,  that  the  time  history  of  neutron  capture 
by  hydrogen  2.2  MeV  7-line  from  the  solar  flare  contains  the  information  about 
the  altitude  profile  of  the  solar  plasma  density.  We  have  proposed  a  method  for 
determining  the  altitude  dependence  of  the  density  of  solar  plasma,  particularly, 
in  the  deep  photosperical  and  subphotospherical  layers,  which  are  inaccessible 
for  optical  observations,  from  the  time  profile  of  7^ay  emission  at  2.2  MeV. 
But  the  absorption  of  7-rays  must  put  limitations  to  this  method.  So  we  make 
allowance  now  for  the  absorption  of  7-rays,  and  we  present  the  results  of  our 
calculations. 


VLA  AND  SOHO  OBSERVATIONS  OF  SOLAR  ACTIVITY 

Kenneth  R.  Lang  and  Robert  F.  Willson 
Tufts  University 
Fax  (617)627-3878 

We  present  simultaneous  observations  of  solar  active  regions  with  the 
SOHO  spacecraft  (CDS  and  EFT  at  EUV  wavelengths)  and  the  Very 
Large  Array  (VLA  at  3.5,  6.2,  20.7  and  91.6  cm  wavelength).  The 
VLA  data  provide  unique  information  on  nonthermal  electron 
populations,  signatures  of  magnetic  reconnection,  and  coronal 
magnetic  field  strengths.  The  spatial  and  temporal  relationship  of 
transient  events  in  the  EUV  and  radio  domains  are  presented.  We 
determine  radiation  mechanisms  and  constrain  physical  parameters, 
such  as  the  electron  temperature,  electron  density  and  magnetic  field 
strength,  of  the  emitting  regions.  Changes  in  long-wavelength  radio 
brightness  are  related  to  some  EUV  ejection  events,  suggesting  an 
interaction,  at  different  levels  in  the  solar  atmosphere,  between  large- 
scale  magnetic  loops  with  nonthermal  electrons  and  small-scale 
erupting  loops.  Some  EUV  transient  events,  lasting  minutes  to  tens  of 
minutes,  are  spatially  and  temporally  coincident  with  radio  emission 
that  is  attributed  to  nonthermal  electrons  in  regions  of  high  magnetic 
field  strength  near  sunspots.  The  coronal  magnetic  field  strengths 
above  sunspots  are  about  75%  of  those  in  the  underlying  photosphere. 
Other  EUV  events  have  no  detectable  radio  counterpart 


STUDIES  OF  HELIUM  LINE  FORMATION  IN  THE  SOLAR 
TRANSITION  REGION  BASED  ON  SOHO  JOP  62. 

K.P.  Macpherson  and  C.  Jordan 

Department  of  Physics  (Theoretical  Physics),  University  of  Oxford,  1  Keble 
Road,  Oxford  OX1  3NP,  UK. 
kpmSthphys .ox.ac.uk 

Previous  studies  (Jordan  1975, 1980)  have  found  that  the  resonance  lines  of  He 
I  and  He  II  appear  to  have  higher  fluxes  than  expected  from  models  made  using 
other  transition  region  lines  formed  at  similar  temperatures.  The  enhancement 
factor  was  shown  to  be  less  in  coronal  holes  than  in  the  quiet  Sun.  These  results 
referred  to  observations  made  with  low  spatial  resolution.  Using  the  higher 
spatial  resolution  provided  by  the  CDS  instrument,  initial  results  confirming 
the  anomalously  high  helium  line  fluxes  have  been  reported  (Macpherson 
Jordan  1997).  SOHO  Joint  Observing  Proposal  62  was  devised  to  study  the 
helium  problem  in  greater  detail  and  has  been  implemented  for  several  repeat 
runs.  It  involves  simultaneous  CDS,  SUMER,  EIT  and  MDI  observations.  Using 
SUMER  observations  to  derive  transition  region  electron  densities  in  tandem 
with  CDS  observations  of  He  I,  He  II  and  other  line  fluxes,  we  model  the 
emitting  regions  and  investigate  the  systematic  behaviour  of  the  Helium  lines. 
MDI  magnetogram  data  is  used  to  correlate  the  magnetic  field  with  the  helium 
enhancement  factors.  Results  of  these  investigations  will  be  reported. 


POLAR  PLUMES  AND  FINE-SCALE  CORONAL  STRUC¬ 
TURES  -  ON  THE  INTERPRETATION  OF  CORONAL  RA¬ 
DIO  SOUNDING  DATA 

M.  Patzold  (1),  M.K.  Bird  (2) 

(1)  Institut  fiir  Geophysik  und  Meteorologie,  Universitat  zu  Koln,  Ger¬ 
many,  (2)  Radioastronomisches  Institut,  Universitat  Bonn,  Germany 

Variations  in  total  electron  content  at  high  heliographic  latitudes,  ob¬ 
served  during  the  1995  solar  conjunction  of  the  Ulysses  spacecraft  were 
interpreted  by  Woo  and  Habbal  [1997b]  as  polar  plume  structures  exten¬ 
ding  to  at  least  30  solar  radii  from  the  Sun.  Surprisingly,  we  detected  a 
24-hour  sinusoidal  oscillation  of  the  total  electron  content  with  a  peak- 
to- valley  amplitude  of  about  10%,  most  probably  caused  by  a  ground 
station  calibration  error.  Model  calculations  were  performed  under  the 
assumption  that  these  electron  content  variations  are  indeed  the  signa¬ 
ture  of  plumes  moving  in  and  out  of  the  radio  ray  path.  If  the  density 
contrast  between  plume  and  interplume  regions  is  low,  then  the  plume 
structure  must  occupy  a  significant  fraction  of  the  radio  ray  path.  If 
the  plume  extent  along  the  line-of-sight  is  of  2.5°,  as  taken  from  SOHO 
coronagraph  data,  then  the  density  contrast  is  quite  high  (factor  8  or 
higher).  Neither  scenario  seems  reasonable  under  the  given  geometry. 


COLLISIONLESS  3D  RECONNECTION  IN  THE  SOLAR  AT¬ 
MOSPHERE  RELATED  TO  ERUPTIONS 

B.Y.  Somov.  Astronomical  Institute,  Moscow  State  University,  so- 
mov§>sai.msu.su 

Some  new  results  concerning  the  observations  and  study  of  magnetic 
reconnection  in  the  solar  corona  are  reviewed.  The  collisionless  3D 
reconnection  theory  -  more  exactly,  the  model  of  a  high-temperature 
turbulent-current  non-neutral  current  sheet  -  is  applied  to  the  coronal 
conditions  derived  from  multi- wavelength  observations.  New  theoret¬ 
ical  interpretations  are  discussed  of  the  Yohkoh  and  correlated  multi¬ 
wavelength  data  on  the  site  and  mechanism  of  magnetic  energy  transfor¬ 
mation  into  kinetic  and  thermal  energies  of  superhot  plasmas  and  accel¬ 
erated  high-energy  particles.  Open  issues  are  the  focus  of  our  attention. 
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THE  TEMPORAL  AND  ENERGETIC  PARAMETERS 
OF  X-RAY  SOLAR  FLARES  OF  DIFFERENT  CLASSES 
R.  Sotnikova 

Department  of  Physics,  Irkutsk  State  University,  Irkutsk  664003,  Russia. 
sotnik«math . isu . runnet . ru 

Using  the  data  of  the  direct  measurements  of  the  X-ray  radiation  flux  from  the 
solar  flares  (I  —  8A,  GEOS)  the  basic  temporal  and  energetic  parameters  of 
solar  flares  of  different  classes  were  calculated  over  the  period  1977-1996.  All 
these  parameters  reveal  the  dependence  on  the  phase  of  the  11-year  cycle. 

The  estimated  combined  flare  energies  released  in  each  complete  cycle  coincide 
to  10%  accuracy. 

The  energetics  of  the  flares  of  the  high-power  groups  corresponding  to  the  E-F 
balls  in  the  optical  range  has  been  studied.  It  has  been  found  that  the  index 
of  the  integrated  spectrum  varies  within  the  solar  cycle  both  for  the  whole  Sun 
and  high-power  sunspot  groups.  It  counts  in  favour  of  the  suggestion  that  the 
global  solar  features  also  varied  within  the  cycle  affect  the  flare  initiation.  This 
conclusion  should  be  refined  using  all  lower-power  sunspot  groups,  nevertheless, 
it  tentatively  provides  insight  into  the  theory  of  flare  initiation. 


COMPARISON  OF  OUTFLOW  VELOCITY  DETERMINATIONS 
WITH  UVCS  AND  LASCO  FOR  THE  CORONAL  MASS  EJEC¬ 
TION  OF  13-14  AUG  1997 

L.  Strachan  (1),  J.  C.  Raymond  (1),  S.  Fineschi  (1),  R.  O’Neal  (1),  J.  L. 
Kohl  (1),  A.  Modigliani  (2),  G.  Noci  (2),  M.  D.  Andrews  (3,4),  J.  S.  Morril  (4) 
and  R.  A.  Howard  (4) 

(1)  Harvard-Smithsonian  Center  for  Astrophysics,  60  Garden  St.,  Cambridge, 
MA  USA,  (2)  Univ.  of  Florence,  Florence,  Italy,  (3)  Hughes  STX,  4400  Forbes 
Blvd,  Lanham,  MD,  USA,  (4)  E.  O.  Hulburt  Center  for  Space  Research,  Naval 
Research  Laboratory,  Washington  D.C.,  20375-5320  USA. 

The  Ultraviolet  Coronagraph  Spectrometer  (UVCS)  on  SOHO  was  used  to  ob¬ 
serve  a  Coronal  Mass  Ejection  (CME)  on  13-14  August  1997.  The  event  was 
observed  simultaneously  with  the  LASCO  white  light  coronagraph.  This  paper 
describes  the  first  results  from  a  comparison  of  outflow  velocities  determined 
from  UVCS  Doppler  dimming  studies  with  the  velocities  determined  by  exam¬ 
ining  the  proper  motions  of  the  CME  as  measured  by  LASCO.  Strengths  and 
weaknesses  of  the  various  outflow  determinations  will  be  discussed. 


THREE  DIMENSIONAL  MAGNETIC  RECONNECTION 
IN  A  LIGHT  OF  XUV  LINES  ANALYSIS 
A.  I.  Verneta 

Astronomical  Institute,  Moscow  State  University,  Russia. 
alvesnConline.ru/Fax:  7  [861  53]  5  89  24 

In  highly  complex  fields  of  the  solar  corona  magnetic  reconnection  can  take 
place  in  3D  (three-dimensional)  current  surfaces.  3D  reconnection  was  consid¬ 
ered  in  a  number  of  theoretical  papers.  However,  it  is  not  studied  in  such  details 
as  reconnection  in  plane  sheets.  We  use  an  analysis  of  XUV  lines  to  investi¬ 
gate  magnetic  reconnection  in  3D  current  surfaces.  We  find  that  a  main  spec¬ 
troscopic  effect  of  such  reconnection  is  that  it  gives  rise  to  a  non-symmetrica! 
broadening  in  lines.  In  contrast  to  it,  a  broadening  associated  with  reconnection 
in  plane  sheets  is  symmetrical.  From  the  other  side,  to  differ  the  ’3D  induced’ 
broadening  from  a  non-symmetrical  broadening  determined  by  a  chromospheric 
evaporation  we  have  to  study  the  initial  stages  of  flare-like  events,  before  an 
appearance  of  secondary  effects  (such  as  the  evaporation  etc.).  Using  a  sta¬ 
tistical  analysis  we  determine  a  ratio  of  reconnection  events  taking  place  in 
3D  surfaces  to  events  in  plane  current  sheets.  We  find  physical  processes  and 
conditions  (an  emerging  flax,  a  singular  field  line  in  the  corona  etc)  at  that 
reconnection  realizes  through  3D  surfaces  or  through  plane  sheets  respectively. 
We  study  differences  in  energetics  of  these  two  types  of  magnetic  reconnection, 
the  spatial  and  temperature  fine  structures  of  related  parts  of  the  solar  atmo¬ 
sphere.  For  the  investigation  in  EUV,  SoHO  data  are  extremely  valuable.  SMM 
and  Yohkoh  data  are  appropriate  for  the  research  in  the  soft  X-ray. 


LINE  PROFILES  ACROSS  THE  SOLAR  LIMB  OBSERVED  WITH 
SUMER 

O.  Wikstol  (1),  H.  Peter  (2),  P.  G.  Judge  (2),  U.  Schuehle  (3),  K.  Wilhelm  (3) 
and  B.  Thompson  (4) 

(1)  Institute  of  Theoretical  Astrophysics,  University  of  Oslo,  P.O.  Box  1029 
Blindern,  0315  Oslo,  Norway,  (2)  High  Altitude  Observatory.  National  Center 
for  Atmospheric  Research,  P.  O.  Box  3Q00,  Boulder  CO  80307-3000.  USA. 

(3)  Max-Planck-Institutfiir  Aeronomie,  D-37191  Katlenburg-Lindau.  Germany. 

(4)  Code  681,  NASA  Goddard  Space  Flight  Center,  Greenbelt.  MD  20771,  USA. 

We  present  high  resolution  spectral  data  from  the  SUMER  instrument  on 
SOHO,  obtained  on  20th  March  1997,  during  which  two  spacecraft  rolls  of 
SOHO  were  performed.  A  first  roll  covered  one  full  rotation,  dwelling  approxi¬ 
mately  30  minutes  at  angular  intervals  of  30  degrees.  The  1  x300  arcsecond2  slit 
of  SUMER  was  centered  70  arcseconds  inside  the  limb.  A  second  roll  dwelled 
longer  at  fewer  roll  angles,  and  the  SUMMER  slit  was  moved  to  cover  an  entire 
solar  radius,  from  limb  to  disk  center.  Data  were  acquired  during  both  rolls  in 
selected  wavelength  bands  between  760  and  1410  A.  including  emission  lines 
formed  from  the  chromosphere  to  corona. 

The  line  profile  data  contain  information  on  the  poorly  known  center  to  limb 
variation  of  the  pervasive  redshift  observed  in  transition  region  lines.  These 
data  are  therefore  vital  to  determine  the  viability  of  models  of  the  solar  upper 
atmosphere,  in  particular  of  the  transition  region.  We  present  line  profiles  of 
lines  formed  in  the  chromosphere,  transition  region  and  corona,  and  discuss 
their  impact  on  models  of  the  solar  transition  region. 


CO-ORDINATED  OBSERVATIONS  OF  LARGE  SCALE  CORO¬ 
NAL  BRIGHTENING  AND  Ha  SURGE 

Qiu  Jiong  &  Xu  Ao-ao 

Department  of  Astronomy,  Nanjing  University,  Nanjing  210093,  P.  R.  China 
email:  zlm@netra.nju.edu.cn 

Abstract:  An  eruptive  two-ribbon  flare(2N/M2.6)  occurred  on  February  4,  1995  in 
the  active  region  NOAA7834.  During  the  post-flare  phase,  with  the  Soft  X-ray 
Telescope(SXT)  on  board  Yohkoh,  we  observed  the  rapid  brightening  of  a  set  of 
large  scale  coronal  loops(100-150Mm  in  length).  One  common  foot  of  the  parellel 
loops  was  located  in  the  previous  flaring  region,  and  the  other  foot  at  a  remote  site  of 
inversed  magnetic  polarity.  Simultaneously,  co-ordinated  ground-based  observations 
from  Sacramento  Peak  and  Solar  Optical  Observing  Net(SOON)  reveal  a  co-incident 
Ha  surge  event.  The  ejection  of  the  cool  chromospheric  materials  originated  from 
the  previous  flare  region  and  went  along  different  branches  of  the  large  coronal 
loops.  To  our  knowledge,  the  Ha  surge  event  co-incident  with  the  large  scale  coronal 
brightening  observed  by  Yohkoh  has  not  been  reported. 

The  possible  mechanisms  for  the  concurrent  cool  plasma  ejection  and  the  filling  of  the 
hotcoronal  loops  are  discussed.  We  find  it  most  convincing  that  magneticreconnection 
between  a  magnetic  arcade  and  an  overlying  large  scale  coronal  structure  accounted 
for  the  co-incident  events.  The  thermal  conduction  front  and  the  slow  shock  resulting 
from  the  reconnection  could  heat  the  coronal  plasma  to  the  temperature  of  10MK. 
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ST14  Solar  imprints  in  terrestrial  archives  (joint 
with  OA) 

Convener:  Cini-Castagnoli,  G. 


M.V.Babiy 

Marine  Hydrophysica!  Institute  Ukranian  Academy  of  Sciences 
2  Kapitanska  Str..  Sevastopol  335000  UKRAINE  oceanfftmhi2.sebastopol.ua 

Effect  of  the  secular  variations  of  earth's  axis  inclination.earth's  orbit  eccentricity  and 
vernal  equinox  anomaly  on  latitude  distribution  of  solar  radiation  mean  intensity  is 
investigated.  Different  combinations  of  these  parameters  change  shapes  of  phase 
trajectories  of  annual  latitude  movement  of  maximum  insolation  mean  intensity. These 
trajectories  being  distributed  between  the  Tropic  of  Cancer  and  the  Tropic  of 
Capricorn  are  degenerated  into  the  lines  during  glacial  and  heating  periods. 


RECONSTRUCTION  OF  THE  SOLAR  ACTIVITY  BASED  ON  THE 
ANALYSIS  OF  COSMOGENIC  RADIONUCLIDES  IN  ICE  CORES 

J.  Beer  (1)  and  J.Masarik  (1) 

(1)  Environmental  Physics,  Swiss  Federal  Institute  for  Environmental 
Research  and  Technology,  EAWAG,  CH-8600  Dubendorf,  Switzerland. 

Solar  activity  modulates  the  flux  of  the  galactic  cosmic  rays  through  magnetic 
fields  carried  by  the  solar  wind.  This  modulation  effect  has  been  calculated 
as  a  function  of  geomagnetic  latitude  and  solar  activity  using  Monte  Carlo 
simulations  of  the  interaction  between  cosmic  ray  particles  with  the 
atmosphere.  Records  of  cosmogenic  radionuclides  measured  in  ice  cores 
allow  to  derive  the  corresponding  modulation  factor  and  to  reconstruct  the 
history  of  solar  activity  over  the  last  several  centuries. 


RESULTS  OF  CYCLOGRAM  ANALYSIS  OF  EL  NINO  OCCUR¬ 
RENCES  TO  SEARCH  FOR  POSSIBLE  PHASE  RELATIONSHIP 
WITH  SOLAR  ACTIVITY 

S.  Cecehmi  (1).  M.  Galli  (2).  T.  Nanni  (3)  and  A.  Pagtiarin  (4) 

(1)  Institute  TESRE-CNR,  Bologna.  Italy.  (2.4)  DFl'B,  Bologna  University. 
Italy.  (3)  Institute  FISBAT-CNR.  Bologna.  Italy. 

The  cvclogram  analysis  has  been  applied  to  the  dates  of  El  Nino  occurrences 
as  reported  by  Quinn  et  al.(\\.H.  Quinn.  Y.T.  Neal,  S.E.  Antunez  De  Maiolo. 
El  Nino  Occurrences  Over  the  Past  Four  and  a  Half  Centuries.  J.G.R..  92. 
14449-144(51.  1987).  The  results  will  be  discussed.  This  new  kind  of  analysis 
can  detect  possible  phase  relationships  of  El  Nino  occurrences  and  a  possible 
relationships  with  solar  activity  cycles  or  some  other  geophysical  oscillating 
phenomena,  including  possible  phase  locking  among  them. 


THE  BASIC  180-YR  AND  2200-YR  CYCLES  IN  THE  SOLAR 
MOTION 

fvanka  Charv£tov£ 

Geophysical  Institute  AS  CR,  BocnNI,  141  31  Praha  4 
e-mail:  lCH@ig.cas.cz 

On  the  time  interval  long  9000  years,  the  2200-yr  modulation  of 
the  basic  180-yr  period  of  solar  inertial  motion  will  be 
demonstrated.  (The  Sun  returns  on  the  trefoil  orbital  type  always 
after  179  years.  In  the  intermediate  intervals,  the  Sun  moves 
along  different  chaotic  orbital  patterns  and  these  Intervals 
coincide  with  the  known  prolonged  minima  of  solar  activity, 
such  as  the  Sporer,  Maunder,  Dalton,  etc.  minima.)  The  2200- 
years  modulation  has  been  detected  in  two  ways:  the  first 
consists  in  a  repetition  of  the  intervals  long  about  400  years, 
where  the  Sun  exceptionally  moves  along  the  trefoil  orbital 
pattern.  The  second  follows  from  the  coincidence  between  the 
Sporer  and  Maunder  orbital  patterns  and  the  respective  Sporer 
and  Maunder  types  of  prolonged  minima  of  solar  activity.  The 
trefoil  orbit  is  a  repeating,  exceptional  and  stable  pattern  in  solar 
motion.  The  same  properties  of  the  solar-terrestrial  phenomena 
have  been  found  there.  The  solar  motion,  separated  into  tvyo 
basic  orbital  types,  could  sen/e  as  a  basis  against  which  solar 
imprints  in  terrestrial  archives  could  be  related. 


SOLAR  VARIABILITY  IMPRINTED  IN  THE  8uO  TIME  SERIES 
OF  A  SHALLOW  WATER  MEDITERRANEAN  CORE 

G.Cini  Ca-smmoli  (1),  S.Bemasconi  (2),  G.  Bonino  (1),  P.Della  Monica  (1)  and 
C.Taricco  (l) 

(I)  Dipartimento  di  Fisica  Generale  deU'Universte,  Via P.Giuria  l,  10125  Torino, 
Italy  and  Istituto  di  Cosmogeofisica  del  CNR,  Corso  Fiume  4,  10133  Torino, 
Italy,  (2)  Geologisches  Institute  ETH-Zentrum,  CH-8092  Zuerich,  Switzerland 

The  5l*0  profile  of  Globigerinoides  Ruber  was  measured  in  a  shallow  water  core  of 
the  Ionian  sea  over  the  period  1200  -  1900  A.D.,  with  the  fine  resolution  of  3.87 
years.  An  accurate  dating  of  the  core  has  been  performed  by  ll0Pb  radiometric 
method  and  by  a  detailed  tephroanalysis.  The  markers  of  the  historical  volcanic 
eruptions  which  occurred  in  the  Campanian  area  (Vesuvius,  Phlegrean  Fields, 
Ischia)  during  the  last  two  millennia  have  been  identified  along  the  cores.  The  high 
precision  of  the  core  dating  allows  to  transform  the  depth  scale  into  a  time  scale 
with  an  accuracy  of  -1%.  The  analysis  of  several  cores  taken  in  the  same  area 
demonstrates  that  the  results  presented  here  arc  of  general  validity,  at  least  in  this 
region.  The  spectral  analysis  of  the  8"0  time  series  with  different  methods  show 
that  the  dominant  periodicity  corresponds  to  11.4  years;  in  particular  the  Singular 
Spectrum  Analysis  (SSA)  shows:  a)  the  first  two  leading  components  (RC  1-2)  of 
the  record  correspond  to  a  deterministic  signals  with  period  11.4  y  in  phase  with 
the  sunspot  record  and  with  an  average  amplitude  of  0.08  per  mil.  The  statistical 
significance  is  given  by  Monte  Carlo  SSA  (MC-SSA).  b)  The  trend  (RC  3-4) 
shows  a  minimum  (warm)  in  1400  A.D.  and  maximum  (cold)  in  1700  A.D., 
corresponding  to  the  well-known  climatic  feature  of  the  Little  Ice  Age.  c)  The  22  y 
running  mean  of  the  sunspot  record  and  of  the  8l,0  time  series  show  the  same 
behaviour  from  1700  to  1850  A.D.  From  there  on,  the  8‘*0  lime  scries  records  the 
temperature  effect  duo  to  the  C02  antropogenic  increase. 
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INVESTIGATION  OF  THE  REFILLING  PROCESSES  OF  CONVECTED 
PLASMA  TUBES  ON  THE  BASIS  OF  HYDRODYNAMICAL  MODEL 
OF  PROTONOSPHERE  IN  8-MOMENT  APPROXIMATION 

V.  V.KIimenko(  1 N.S.Natsvalyanf  I ) 

( 1  )West  Department  of  IZMIRAN.  Kaliningrad,  Russia 
wwk-g  izmiran.koenig.su'Fax:(7-0 1 12)2 15606 

The  distributions  of  concentration  Ni  and  temperature  Ti  of  H+  ions  in  plasma  tube, 
convected  from  polar  cap  to  L=6, 1  at  night,  dawn  and  day  side,  as  well  as  to  L=8, 1  at 
dusk  side  are  presented.  They  are  obtained  with  help  of  simplified  numerical  model  of 
protonosphere  based  on  the  set  of  quasi-hyd-  rodynamical  transport  equations  of 
ions  in  8-moment  approximation.  The  integration  of  model  equations  is  executed  along 
dipole  geomagnetic  field  lines  between  their  bases  selected  on  height  of  3000  km. 
There  is  assumed,  that  geomagnetic  field  lines  of  polar  caps  are  open.  There  is  taken 
into  ac-  count  that  during  magnetospheric  convection  of  plasma  tubes  the  change  of 
their  volumes  happens.  Parameters  of  steady-state  polar  wind  are  chosen  as  initial 
conditions  for  all  tubes.  The  investigation  of  effects  of  plasma  tube  adiabatic 
compression  and  expansion  in  consequence  of  magnetospheric  convection  is 
performed.  The  distributions  ofNi  and  Ti  in  meridional  planes  conformed  to  00, 06,  12 
and  18  MLT  on  various  heights  in  protonosphere  and  in  equatorial  plane  of 
magnetosphere  are  obtained.  The  heating  of  H+  ions  (up  to  100000  K)  behind  the 
plasmapause.  qualitatively  agreeing  with  observations  of  hot  zone  in  plasmasphere  is 
obtained.  This  heating  is  reproduced  thanking  to  addition  of  the  model  set  by  ion  heat 
flux  equation. 


SOLAR  WIND  VARIATIONS  AND  TERRESTRIAL  RESPONSES 
Nils- Axel  Momer 

Paleogeophysics  &  Geodynamics,  Sweden,  momer  @  pog.su.se 

The  solar  vyind  intensity  varies  with  the  sunspot  activity.  It  is  well 
recorded  that  this  modulates  the  Earth's  geomagnetic  shielding  so 
that  the  infall  of  cosmic  ray  varies,  by  that  affecting  the  formation  of 
atmospheric  WC.  At  the  same  time  it  seems  to  affect  the  Earth's  rate 
of  rotation.  During  the  periods  of  low  sunspot  numbers  -  the  Sporer, 
Maunder  and  Dalton  minima  -  Earth's  rate  of  rotation  increased. 
This  affected  the  oceanic  circulation  so  that  the  a  major  current  like 
the  Gulf  Stream  sent  less  warm  equatorial  water  along  its  northern 
branch  towards  NW  Europe  at  the  same  time  as  Arctic  water 
penetrated  furter  south.  This  led  to  severe  cold  periods  -  known  as 
Littele  Ice  Ages  -  in  the  NW  European  region.  In  southern  Europe  and 
northern  Africa  the  same  periods  were  characterized  by  increased 
heat.  This  means  that  these  periods  represent  changed  distribution  of 
the  terrestrial  energy.  And  this  was  driven  by  increased  rate  of 
rotation.  In  this  scenario,  we  do  not  need  to  call  for  hypothetical 
large-scale  variations  in  solar  irradiance;  only  an  influence  of  the  solar 
wind  variability  on  Earth's  rate  of  rotation.  There  are  physical  means 
of  understanding  the  linkage  between  solar  wind  intensity  and 
Earth's  rotation. 


ST15  Atmospheric  ozone  (co-sponsored  by  OA) 

Convener:  Hirschberg,  M.-M, 

01  Modelling  and  validation  with  satellite  data 

Convener:  Vardavas,  I.M. 

Co-Convener:  Taylor,  F.W. 


EARTH  S  CLOUD  COVER  AND  COSMIC  RAY  FLUX  VARIA¬ 
TIONS 

Henrik  Svensmark 

Solar-Terrestrial  Physics  Division,  Danish  Meterological  Institute,  Lyngbyvej 

100,  DK-2100  Copenhagen  O,  Denmark  . 

hsvOdmi.dk 

A  recent  result  indicates  that  the  Earth’s  cloud  cover,  observed  by  satellites,  is 
strongly  correlated  with  the  cosmic  ray  flux,  which  in  turn  is  inversely  corre¬ 
lated  with  the  solar  activity[l].  Since  clouds  are  very  important  in  the  radiation 
budget  of  the  Earth,  an  influence  via  cosmic  ray  flux  will  have  significant  cli¬ 
matic  effects.  For  example  during  the  last  solar  cycle  the  total  cloud  cover 
varied  with  approximately  3  -  4  %  which  could  correspond  to  a  variation  of  1.5 
Wm“2  during  this  period.  In  the  talk  we  will  present  results  on  the  variations 
of  cosmic  ray  flux  and  cloud  types  and  show  spatial  correlation  patterns.  An 
estimate  of  the  importance  of  different  solar  activity  parameters  like,  solar  radi¬ 
ation,  ultra-violet  radiation.  X-ray  radiation.  10.7 cm  solar  flux,  and  cosmic  ray 
flux,  will  be  made  on  the  basis  of  observations  of  surface  temperature  on  time 
scales  ranging  from  years  to  centuries.  The  results  could  provide  a  explanation 
of  the  correlation  between  solar  cycle  length  and  global  temperature. 

(lj  H.  Svensmark  and  E.  Friis-Christensen.  J.  atm.  sol.-terr.  Phys.,  50.  1225 
(1007) 


Measurement  of  middle  atmospheric  trace  gases  from  the 
Sub-Millimeter  Radiometer  instrument  aboard  the  Odin 
satellite. 

Ph.  Baron.  Ph.  Ricaud,  J.  de  La  Noe 

Bordeaux  Observatory,  Floirac,  France 

baron@observ.u-bordeaux.fr/Fax:+33-5-57-77-61-55 

The  Odin  satellite  is  a  common  project  to  Sweden,  France,  Canada  and 
Finland,  with  the  main  characteristics  to  observe  alternatively  the 
middle  atmosphere  and  astrophysical  sources.  Two  instruments  will  be 
operated  onboard  :  the  Sub-Millimeter  Radiometer  (SMR)  consists  of 
five  microwave  radiometers  in  millimeter  and  sub-millimeter 
wavelength  ranges  and  an  Optical  Spectrograph  and  Infrared  Imaging 
System  (OSIRIS)  will  operate  in  uv-visible  and  infrared  wavelength 
ranges.  The  launch  is  foreseen  in  October  1998.  The  atmospheric  limb 
will  be  scanned  from  10  to  100  km.  The  sub-millimeter  emission  lines 
of  trace  gases  will  be  measured  at  frequencies  ranging  from  480  to  580 
GHz.  We  present  the  Odin  mission  and  the  sub-millimeter  retrieval 
algorithm  based  on  the  Optimal  Estimation  Method.  The 
characterisation  of  the  errors  and  their  impacts  onto  the  retrieved 
profiles  are  also  discussed.  Retrieval  budgets  for  O3,  CIO,  H2O, 
HNO3  are  finally  shown. 
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OZONE  VERTICAL  DISTRIBUTIONS  FROM  GOME/ERS-2 
SATELLITE  DATA  -  II:  OBSERVATIONS  IN  THE  ARCTIC  WIN¬ 
TERS  1996/97  AND  97/98 

K.  Bramstedt,  M.  Weber,  V.  Rozanov,  R.  Hoogen,  R.  de  Beek,  J.P.  Burrows 
and  K.-U.  Eichmann 

Institute  of  Remote  Sensing,  University  of  Bremen,  D-28334  Bremen,  Germany. 
•ichmannflgome5.physik.uni-breiMii.de/Fax:  [49]  421  218  4555 

The  discovery  of  the  Antarctic  ozone  hole  in  1985  led  to  much  scientific  and 
public  debate.  A  similar  03  loss  above  the  Arctic  was  initially  considered  less 
likely  because  of  the  different  dynamics  of  the  Arctic  polar  vortex. 

The  retrieval  program  FURM,  developed  at  the  Institute  of  Remote  Sensing  in 
Bremen,  is  used  to  derive  vertical  ozone  profiles  from  GOME  satellite  data  on 
a  near-global  scale.  Observations  of  the  ozone  content  in  different  layers  of  the 
atmosphere  for  the  Northern  hemisphere  during  the  Arctic  winters  1996/97  and 
1997/98  will  be  presented  and  discussed.  By  correlating  the  ozone  distribution 
to  meteorological  parameters  and  to  the  distribution  of  other  trace  gases  it 
is  possible  to  attribute  ozone  variations  to  dynamical  and/or  chemical  causes. 
The  measurements  of  winter  96/97  seem  to  indicate  that  processes  similar  to 
those  leading  to  the  Antarctic  ozone  hole  can  take  place  in  the  Arctic. 


EFFECT  OF  HOBR  ON  CATALYTIC  DESTRUCTION  OF 
OZONE  IN  THE  LOWER  STRATOSPHERE  OF  MIDLATI¬ 
TUDES,  MODEL  STUDIES  INITIALIZED  WITH  UARS/HALOE 
DATA 


THE  MSDOL  PROJECT:  ASSIMILATION  OF  GOMOS  OZONE  DATA  IN 
A  3-D  CHEMISTRY-TRANSPORT  MODEL 

J.L.  Berta ux  (lb  A.Hauchecome  (1).  A-Mangin  (2),  C.Cot  (1),  O.Talagrand  (3), 
P.Siraon  (4),  E.  KyrOla  (5).  H.  Roscoe  (6),  0.  Herabise  (2),  and  G.P.Bras$eur  (7) 

(1)  Service  d'Aironomie,  BP  3,  Verriires  le  Buisson,  France,  bertaux@aerov 
jussieu.fr  ,  (2)  ACRI,  260, route  du  Pin  Montard,  06904  Biot,  France,  am@acri.fr, 
(3)  LMD,  rue  d*Ulm,  Paris  5ime,  (4)  IASB,  3,  Avenue  Circulaire  1180,  Bruxelles, 
Belgique,  pauls@oraa.be,  (5)  FMI,  Vuorikatu  24,  503,  SF  00101  Helsinki 
Finlande,  erkki.kyrda@fmi.fi,  (6)  BAS,  Madingley  Road,  Cambridge,  UK, 
hkro@pcmaiI.  nerc-bas.ac.uk,  (7)  NCAR,  P.O.Box  3000,  Boulder,  Colorado 
80307-3000, USA 

In  the  frame  of  the  preparation  of  the  use  of  ENVISAT  data,  the  Environment  and 
Climate  Programme  of  the  EEC  is  supporting  the  MSDOL  project:  Monitoring  of 
the  Stratospheric  Depletion  of  the  Ozone  Layer.  The  purpose  is  to  assimilate  the 
400  vertical  profiles  of  Ozone  recorded  each  day  by  the  experiment  GOMOS  in  a 
3-D  chemistry-transport  model,  where  the  winds  are  derived  from  the  ECMWF 
analysis  for  the  lower  part  of  the  stratosphere.  The  sequentially  assimilated  model 
will  better  represent  the  reality  since  all  single  measurements  are  extrapolated  in 
time  through  chemistry  and  transport.  The  assimilated  model  will  serve  at  least  two 
purpose  :  the  comparison  with  other  data  sets,  and  the  estimate  of  the  evolution  of 
ozone  as  a  function  of  time  and  space. 

The  3-D  model  is  derived  from  the  stratospheric  chemistry-transport  Rose  model, 
in  which  the  internally  generated  dynamics  is  replaced  by  the  actual  wind  field. 
The  first  results  with  simulated  GOMOS  data  will  be  presented. 


INVERSION  OF  OZONE  PROFILES  FROM  HIGH  RESOLU¬ 
TION  IASI  SPECTRA. 

D.  Blaison  (O,  F.  Karcher(l) 

(t)  CNRM,  Meteo  France  42  Av.  Gustave  Coriolis,  31057  Toulouse 
Cedex,  France 

blaison@cnrm.meteo.fr/Fax:  +33-561079610 

The  method  used  to  extract  ozone  profile  is  based  on  the  minimization 
of  observed  and  calculated  spectra  in  the  9.6  micron  ozone  band.  The 
aim  of  the  inversion  is  to  estimate  the  profiles'  accuracy  and  height 
resolution  achievable  with  IASI  spectra.  Synthetic  spectra  calculated 
with  the  4A-93  line  by  line  model  and  transformed  by  the  instrumental 
transfer  function  are  used  as  observations.  Inversions  in  tropical  and 
mid- latitude  conditions  provide  relative  accuracies  of  10%  over  a  set 
of  nine  layers. 


Ch.  Bruhl  (1)  and  T.  Ingham  (2) 

(1,2)  Max  Planck  Institute  for  Chemistry,  55020  Mainz,  Germany. 
chb6mpeh-Bainz.Bpg.de 

A  photochemical  box  model  on  trajectories  initialized  with  UARS/HALOE 
data  for  ozone  and  key  species  setting  constraints  to  its  catalytic  destruction 
cycles  is  used  to  look  for  the  sensitivity  of  ozone  net  destruction  rates  to  the 
photolysis  of  HOBr  including  heterogeneous  chemistry.  Here  we  use  the  faster 
photolysis  rates  recently  measured  in  our  laboratory  and  compare  that  within 
older  recommendations  and  a  case  where  HOBr  is  neglected  at  all.  It  is  demon¬ 
strated  that  especially  in  case  of  targe  sulfate  aerosol  surface  density  (Pinatubo) 
the  effect  of  bromine  induced  reduced  NOx  and  enhanced  HOx  significantly  in¬ 
creases  the  net  ozone  destruction  rates.  Examples  will  be  given  for  different 
years  from  1992  to  1997  with  focus  on  midlatitude  summer.  Preference  is  given 
to  cases  where  the  forward  trajectories  match  the  locations  of  other  HALOE 
observations  for  validation. 


StrBtospbcrc*Tropo*ph«r«  exchange:  caw  studies  recorded  at  MtClmone 
during  VOTALP  project 


TROPOSPHERIC  OZONE  AND  ITS  PRECURSORS:  IMG  MEA¬ 
SUREMENTS  AND  ATMOSPHERIC  MODELS 


P.  Booasoni  (t),  F-  KvangetUtJ  tit*  U.  Bonafi  (1),  H.  Feldtnann  (2),  M. 
Memmeshelnier  (2),  A.  Sthol  (3),  L.  (4). !.,  H.  Kromp-Kolb  (5) 

ll »  CNR  -  FJSBAT,  Bologna,  Italy 

(2)  EC  RAD,  Cologne.  Germany 

(3)  LMU,  Munich,  Germany 

(4)  CRA-UNIBO,  Bologna,  Italy 

(5)  BOKI-,  Vienna,  Austria 

In  order  to  point  out  and  study  the  ttratcwpheric/upper  tropospheric  transport 
of  ozone  rich  air  ma«w»  In  the  lower  troposphere,  continuous  mearorementx  of 
several  parameters  are  undertaken  at  four  mountain  peaks,  Jungfraujnch, 
Snnnbtkk,  Zugspitsv  and  Mt.Cimonr  during  the  European  Community 
VOT  ALP  project  (Vertical  Ozone  Transports  In  the  Alps). 

Several  high  values  of  surface  ozone  concentration  due  tu  vertical 
stratosp berk -tropospheric  exchange  have  been  recorded  in  these  mountain 
peak  stations.  This  work  presents  and  analyses  data  concerning  the  MtClmone 
ground-based  station,  which  is  thr  highest  peak  of  the  Italian  Northern 
Apennines  and  the  must  representative  WMO-CAW site  la  Italy. 

Episodes  of  vertical  exchange  in  the  lower  stratosphere,  as  tmpopause  folding, 
or  in  the  upper  troposphere,  as  down  draft  transport  have  been  recorded  at 
MtClmone  since  march  1*96  and  subsequently  studied.  In  fact  the  comparison 
between  the  trends  of  different  background  trace  gases  at  a  mountain  baseline 
station,  the  weather  situations  and  the  backward  trajectory  analyses  can  bring 
to  light  these  events  and  can  be  very  useful  for  •  better  knowledge  of  transport 
phenomena. 

Correlation  between  high  level  of  oiunc  concentration,  chemical  and 
meteorological  parameters  and  three-dimensional  backward  trajectories 
relative  to  same  events  are  shown. 


C.  Clerbaux  (1),  D.  Hauglustaine  (1),  J.  F.  Mller  (2)  and  C.  Granier  (1) 

(1)  Service  d’Aeronomie  du  CNRS,  IPSL,  Paris,  France,  (2)  Belgian  Institute 

for  Space  Aeronomy,  Brussels,  Belgium. 

cclCaero.jussieu.fr 


Global  scale  measurements  of  infrared  absorbing  trace  gases  were  per¬ 
formed  by  the  IMG  remote  sensor,  which  was  launched  onboard  the  ADEOS 
platform  in  August  96  and  stopped  operating  after  10  months.  IMG  uses  a 
Fourier  transform  interferometer  to-  record  the  terrestrial  thermal  infrared 
radiation  and  provides  atmospheric  spectra  from  which  O3,  CO  and  CH4  may 
be  measured.  The  nadir-viewing  mode  of  the  instrument  allows  to  retrieve 
total  column  amounts  each  86  km  along  the  track  of  the  satellite. 

These  measurements  have  been  compared  to  the  results  provided  by  the 
three-dimensional  chemistry-transport  models  IMAGES  and  MOZART.  The 
differences  between  measurements  and  models  have  been  analyzed  for  O3  and 
its  main  precursors  CO  and  CH4,  and  the  possible  sources  of  discrepancies 
will  be  discussed. 


C  923 


us 


CALCULATING  THE  FUTURE  DEVELOPMENT 
OF  THE  OZONE  LAYER  WITH  A  DYNAMIC- 
CHEMICAL  GCM 

MJQ&msriS,  V.  Grewe,  R.  Hein,  C.  Schnadt  (DLR,  Institut  fur 
Physik  der  Atmosphare,  Oberpfaffenhofen,  D-82230  Wefiling,  Ger¬ 
many) 

C.  Briihl,  B.  Steil  (Max-Planck-Institut  fur  Chemie,  D-55020 
Mainz,  Germany) 

The  coupled  dynamic-chemical  general  circulation  model 
ECHAM3/CHEM  is  employed  to  estimate  the  possible  future  de¬ 
velopment  of  the  stratospheric  ozone  layer.  For  the  year  2015, 
the  adopted  increase  of  greenhouse  gas  concentrations  and  the 
corresponding  modification  of  the  sea-surface  temperature  lead  to 
a  warming  of  the  troposphere  and  a  cooling  of  the  stratosphere. 
Considering  the  decrease  of  chlorofluoro carbons  in  the  model  at¬ 
mosphere,  which  follows  the  agreement  of  Copenhagen  (1992),  the 
assessment  for  the  year  2015  indicates  that  the  ozone  layer  will 
not  homogeneously  recover.  Whereas  in  low  and  mid-latitudes  an 
enhancement  of  ozone  mixing  ratios  is  obvious,  no  significant  in¬ 
crease  of  stratospheric  ozone  is  found  in  the  polar  regions  during 
spring  time,  especially  over  the  Antarctic. 


THE  VISUALIZATION  AND  v ALlDAiiO.N  OF  GOME  (EKb-2)  1UIAL 
OZONE  MEASUREMENTS  USING  GIS  TECHNOLOGY 

Dmitry  V.  Ionov,  Yuri  M.  Timofeyev  [1],  Victor  V.  Ionov[2],  Arcadij  M. 
Shalamiansky[3] 

[1]  Department  of  Atmospheric  Physics,  Research  Institute  of  Physics, 

[2]  Division  of  International  Baltic  and  Arctic  Projects,  St.  Petersburg  State 
University, 

[3]  A.I.Voeikov  Main  Geophysical  Observatory 

A  comparison  of  limited  set  of  ground-based  (ozonometer  M  -  124)  and  satellite 
(GOME  instrumentation,  ERS-2)  total  ozone  measurements  over  the  northern-west 
and  centra!  regions  of  Russia  in  July  and  September-October  of  1996  was 
accomplished.  Satellite  measurements  systematically  underestimate  the  total  ozone  in 
comparison  with  ground-based  measurements,  on  the  average,  by  17  -  34  DU, 
depending  on  the  comparison  conditions.  Permanent  control  of  the  quality  of  total 
ozone  measurements  testify  to  a  lack  of  systematical  measurement  scale  shift  at  the 
north-western  Russian  stations.  Therefore  it  should  be  concluded  that  there  is  a 
systematical  scale  shift  of  the  GOME  total  ozone  measurements. 


MODELED  OZONE  TRENDS 

I.  G.  Dyominov  and  A.  M.  Zadorozhny 

Novosibirsk  State  University,  630090,  Novosibirsk,  Russia. 

dyominovCphys.nsu.ru/Fax:  [7]  3832  397101 

A  two-dimensional  dynamical  radiation-photochemical  model  of  the  tropo¬ 
sphere  and  the  stratosphere  that  embraces  aerosol  physics  is  used  to  examine 
the  changes  of  ozone  layer  of  the  Earth  occurring  during  the  last  20  years. 
These  changes  are  caused  by  anthropogenic  atmospheric  pollution,  solar  cycle 
variations  of  UV  radiation  flux,  and  sulfate  aerosols  from  volcanic  eruptions 
and  regular  flights  of  commercial  aircraft.  We  show  that  the  resulting  effects 
of  all  the  above  factors  is  a  negative  ozone  trend  in  the  entire  stratosphere. 
This  trend  is  most  significant  in  winter  in  the  polar  Northern  and  Southern 
areas.  For  example,  for  the  50°  Ar  -  60*  Ar  region  at  45Jtm  altitude,  the  ozone 
trend  is  about  —8%  to  —9%  per  decade.  This  trend  fairly  agrees  with  the  ozone 
trend  observed  with  SBUV  and  SBUV/2.  The  model  values  for  the  global  an¬ 
nual  average  of  total  ozone  (GAATO)  computed  for  the  range  between  6o°5 
and  65° N  are  in  the  good  agreement  with  the  experimental  GAATO  data  ob¬ 
tained  with  TOMS  during  the  period  of  1979  through  1994.  We  show  that  the 
GAATO  trend  caused  by  anthropogenic  atmospheric  pollution  is  about  -2.8% 
per  decade.  The  solar  UV  flux  variations  in  the  course  of  the  11  year  solar 
cycle  contribute  ±0.6%  in  maximums  (about  1.2%  from  the  solar  maximum  to 
the  minimum  of  the  cycle).  The  sulfate  aerosol  increase  as  a  result  of  the  El 
Chichon  and  Mount  Pinatubo  eruptions  leads  to  the  local  GAATO  changes  in 
1983  and  1992  about  —1.6%  and  —2.7%,  respectively. 


SIMULATION  OF  THE  ATMOSPHERIC  OZONE  DISTRIBUTIONS  WITH  THE 
2-D  MODEL  AND  VALIDTIONS  WITH  HALOE  AND  TOMS  DATA 

T.Egorova.  V.Zubov,  S.Yagovkina.  E.Rozavov 
Main  Geophysical  Observatory,  S.-Petersburg,  Russia 
e-mail:  rozanov(S atmos.uiuc.edu 

A  two  dimensional  model  of  radiative,  dynamical  and  photochemical  processes 
in  the  stratosphere  has  been  developed  and  used  for  study  of  the  atmospheric  ozone 
distributions.  The  model  calculates  stratospheric  wind  velocity  components,  air 
temperature  and  humidity;  short-  and  long  wave  radiation  fluxes,  chemical  species  source- 
sink  intensities  and  concentrations.  Temperature,  humidity  and  circulation  in  the 
troposphere  are  prescribed  and  taken  from  observations.  Chemistry  module  calculates  38 
species  concentrations.  The  16  long  lived  gases  are  transported.  The  fully  implicit 
Newton-Raphson  method  is  used  for  22  short  lived  species.  The  heterogeneous  reactions 
in/on  sulfate  and  PSC  particles  are  taken  into  account.  The  results  of  numerical 
simulations  are  compared  with  the  HALOE  measurements  and  the  TOMS  data.  The 
comparison  of  the  simulated  and  the  HALOE  stratospheric  Oj  data  has  been  made  in 
tropica!,  mid,  and  high  latitudes  for  all  seasons.  It  shows  that  the  overall  agreement 
between  model  and  measured  fields  is  within  5-15%  for  almost  whole  stratosphere  except 
the  high  latitudes  of  the  winter  hemisphere.  This  disagreement  is  a  common  problem  for 
all  2-D  models,  which  can  not  reproduce  the  planetary  and  gravity  wave  breaking 
processes  over  the  high  latitudes.  The  comparison  of  the  simulated  total  ozone  and  TOMS 
data  also  will  be  presented. 


LIGHTNING  PRODUCTION  OF  NOx  AND  ATMOSPHERIC  OZONE 

TEgorova.  V .Zubov,  S.Yagovkina,  E.Rozavov 
Main  Geophysical  Observatory,  S.-Petersburg,  Russia 
e-mail:  rozanov@atmos.uiuc.edu 

For  tropospheric  chemistry  lightning  is  a  major  source  of  NOx.  NOx  in 
turn  affects  the  concentration  of  ozone  in  the  atmosphere,  which  is  an  important 
greenhouse  gas.  In  this  study  we  estimated  lightning  production  of  NOx  and  its 
influence  on  distribution  atmospheric  ozone  in  the  upper  troposphere  and  the  low 
stratosphere  depends  on  global  source  strength.  A  two  dimensional  model  of 
radiative,  dynamical  and  photochemical  processes  in  the  stratosphere  has  been 
developed  and  used  for.  The  transformations  of  38  species  are  calculated  in  the 
chemical  part  of  the  model  with  Newton-Rafson  scheme.  About  100  gas-phase  and  5 
heterogeneous  reactions  on  sulfate  and  PSC  particles  are  included  in  the  model.  We 
compare  NOx  and  NOy  simulated  by  our  2-D  model  with  available  observations  to 
choose  suitable  global  lightning  source  of  NOx.  NOx  produced  by  lightning  flashes 
are  distributed  by  latitude,  altitude  and  season  variations.  Having  generated  our  two- 
dimensional,  time-dependent  relative  distribution  of  NOx  emissions  by  lightning,  we 
have  made  preliminary  experiments  with  different  total  source  of  NOx  (2-20Tg/year). 
It  shows  that  concentrations  of  NOy  and  Oj  almost  independent  on  global  source 
strength  of  NOx  in  the  stratosphere,  but  very  important  for  upper  troposphere. 


APPLICATION  OF  MONTE  CARLO  SIMULATION  OF  MULTI 
SCATTERING  RADIATION  TRANSFEREE  TO  ERROR  ANALY¬ 
SIS  OF  EXTENDED  BREWER  UMKEHR  METHOD  FOR  OZONE 
PROFILE  DETERMINATION 

N.F.Elansky  (1),  O.V.Postylyakov  (1)  and  I.V.Mitin  (2) 

(1)  Institute  of  Atmospheric  Physics,  Pyzhevsky  per.  3,  Moscow  109017,  Rus¬ 
sia,  (2)  Moscow  State  University,  Vorobjevy  Gory,  Moscow,  Russia. 
ovpCoraega.  ifaran.ru 

Umkehr  method  is  applied  at  network  of  Brewer  spectrophotometers  to  deter¬ 
minate  the  ozone  vertical  distribution.  To  improve  its  accuracy  opportunities, 
an  extended  Brewer  Umkehr  method  was  proposed  by  authors.  Two  ways  to 
employ  multiscattering  radiation  transferee  model  in  the  retrieval  algorithm 
of  the  extended  Umkehr  method  are  investigated.  Both  use  the  Monte  Carlo 
numerical  method  of  radiative  transferee  simulation.  We  applied  the  double  lo¬ 
cal  estimation  method  with  physical  sampling  of  the  free  path  length  without 
escape  until  two  collisions  occurred  and  take  into  account  spherical  geometry 
and  polarization  properties.  The  main  deductions  on  the  method  accuracy  are 
defined  more  exactly  in  comparison  with  single  scattering  modeling.  Some  new 
features  are  displayed  in  the  lowest  stratosphere. 
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VARIATIONAL  ASSIMILATION  OF  OZONE  TOTAL  COLUMN 
SATELLITE  DATA  IN  A  2D  LAT-LON  TRACER-TRANSPORT 
MODEL 

H.  J.  Eskes,  A.  J.  M.  Piters,  P.  F.  Levelt  and  M.  A.  F.  Allaart 

Royal  Netherlands  Meteorological  Institute,  Postbus  201, 3730  AE  De  Bilt,  The 

Netherlands. 

eskesOcnsii.nl/Fax:  [31]  30  2210407 

A  4D  variational  data  assimilation  method  is  described  to  derive  global  ozone 
distributions  from  total  column  02one  satellite  measurements.  The  ozone 
columns  are  advected  by  a  2D  tracer  transport  model,  using  ECMWF  wind 
fields  at  a  single  pressure  level.  Special  attention  is  paid  to  the  modelling  of 
the  background  error  covariance  and  quality  control.  The  time,  latitude  and 
season  dependence  of  the  forecast  error  are  taken  into  account,  resulting  in  a 
global  error  field  at  any  instant  in  time  that  provides  a  local  estimate  of  the 
accuracy  of  the  assimilated  field.  We  discuss  the  advantages  of  the  variational 
approach  over  sequential  assimilation  schemes.  One  of  the  attractive  features 
of  the  variational  technique  is  its  ability  to  incorporate  measurements  at  later 
times  t  >  tQ  in  the  analysis  at  time  tQ.  In  this  sense  twice  as  much  information 
is  extracted  from  the  sparse  measurements. 


APPROXIMATE  LIMB  SOUNDING  DATA  INVERSION. 


Ilyushin  Y.A.,  Terekhova  CLA 

Atmosphere  Physics  Department,  Physics  Faculty,  Moscow  State  University,  email: 
oksanafcbootics.  phvs.  msu.  su 


The  new  effective  approximate  technique  is  presented.  The  mathematical  basis  of  it  is 
the  asymptotic  expansions  techniques  and  Laplace  integrals.  Unknown  atmospheric 
gas  distribution  is  rough  approximated  by  exponential  function  f(r,<p)  exp(-  Ar). 
Integral  over  a  ray  trajectory  with  the  tangent  point  coordinates  (p,p)  known  from  the 
limb  occultation  experiment  is  «  J/(r(jt),^x))  exp{— Ar(jc))  dx  where  x  “  the  local 


Cartesian  coordinate  along  the  trajectory.  Using  the  Laplace  integral  asymptotic 
expansion  we  get  approximate  equation  which  can  be  used  to  retrieve  unknown 
function  f(r,<p ): 


.  .  f  \2  np  3  tl  n  .  I 

*  iTi/177  7' 

This  approach  has  several  advantages.  It’s  regular,  because  the  solution  of  this 
differential  equation  continuously  depends  on  left-hand  side  and  any  additional 
information  can  be  integrated  into  retrieval  scheme  through  boundary  and  other 
conditions  for  the  unknown  function.  Application  of  this  technique  to  occultation 
measurements  of  different  physical  effects,  such  as  refraction,  microwave  phase  shift, 
absorption,  airglow  emission,  refractional  attenuation  etc.  are  discussed.  The  results 
of  the  numerical  simulation  are  presented.  Application  to  the  local  spherical 
symmetry  approximation  (LSSA)  results  correction  is  also  included  in  the  report. 


ANNUAL  VARIATION  OF  THE  STATISTICAL  LINK  BETWEEN 
ZONALLY  ASYMMETRIC  TOTAL  OZONE  TREND  AND 
DECADAL  CHANGE  IN  DYNAMICS 

G.  Entzian,  D.  Peters 

Institut  fur  Atmospharenphysik,  18225  Kuhlungsbom,  Germany 

At  the  example  of  March  it  will  be  shown  that  upper  tropospheric  and 
lower  stratospheric  decadal  change  of  dynamics  during  1979  -  1992 
distinctly  influences  the  spatial  distribution  of  zonally  asymmetric 
(longitude  dependent)  decadal  ozone  change  in  mean  latitudes  of  the 
northern  hemisphere.  These  influences  will  be  shown  by  spatial 
correlation  of  total  ozone  measurements  from  TOMS  on  board  of 
Nimbus  7  and  of  Adeos  together  with  NCEP  geopotential  height 
change  of  300  hPa,  found  as  a  good  indicator  of  dynamics  in  the  called 
height  region.  The  spatial  regression  between  decadal  ozone  change 
and  geopotential  change  is  -  0.16  (DU/yr)/(gpm/yr),  and  is  significant 
with  more  than  99  %.  This  diagnostic  analysis  is  extended  to  all  month 
of  the  year.  In  the  annual  variation  these  values  vary  between  -  0.17 
in  spring  and  -  0.07  (DU/yr)/(gpm/yr)  in  autumn,  in  similarity  to  the 
annual  variation  of  total  ozone  density,  whereas  the  spatial  correlation 
between  decadal  ozone  change  and  geopotential  height  change  is  high 
in  summer  and  relatively  low  (but  still  significant)  in  winter  in 
similarity  to  the  annual  variation  of  the  variability  of  dynamics. 


LONG-TERM  MONITORING  OF  STRATOSPHERIC  OZONE  AT  THE  ' 
OBSERVATOIRE  DE  HAUTE-PROVENCE  USING  GROUND-BASED  AND 
SATELLITE  INSTRUMENTS. 

M,  Guirlet  (1 ),  P.  Keckhut  (2),  S.  Godin  (2),  G.  Mcgie  (2) 

(1)  University  of  Cambridge.  Department  of  Chemistry/European  Ozone  Research 
Coordinating  Unit  e-mail:  man  el  l  e@ozone-sec.ch.cam.ac.uk 

(2)  Service d'Aeronomie,  CNRS-IPSL 

A  study  of  the  long-term  evolution  of  the  stratospheric  ozone  at  the  Observatoire  de 
Haute-Provence  (43. 9N,  5.7E)  is  performed  using  ground-based  measurements  from 
Dobson  spectrophotometer,  lidar,  ozonesondes,  and  using  SAGE  11  satellite 
measurements.  Those  experiments  provide  datasets  with  lengths  of  about  10  years,  which 
allows  the  comparison  of  interannual  variability  of  the  ozone  measured  by  the  different 
instruments.  A  multi -parameter  regression  is  used  to  extract  the  long-term  evolution 
from  other  variations  (seasonal  variability,  Quasi-Biennal  Oscillation  forcing)  of  total 
ozone  and  of  vertical  profiles  from  the  different  experiments  between  1985  and  1995. 
The  effects  of  volcanism  and  of  the  1 1-year  solar  cycle  on  long-term  evolution  of  ozone 
are  studied  too.  Differences  between  the  time  series  of  the  ozone  residuats  after  the 
regression  underline  instrumental  differences  and  possible  instrumental  sensitivity  to  the 
volcanic  aerosols  for  some  of  them. 


“  3-D  global  simulation*  of  tropospheric  03  budget  -  result*  of  the  G1MICAC 
intercomparbon  IW7  cxerebe. 

M.  (Ca^akidou  (l).  F.J.  Denteiwr  (2).  T.K.  Bcrruscn  (3).  WJ.  Collins  |4|.  D.A. 
Haugfusiairw  (3).  S.  Houweling  (2).  I.  Uakien  tJ>.  M.  Krol  (2>.  M.G.  Lawrence  (6i. 
J.F.  Muller  (7).  N.  Poisson(  1).  G.J.  Roelofj  (2).  Y.  Wang  (St.  W.M.F.  Wauben  (9).  C. 
Levy  (10) 

t.  Centre  de*  Faibles  Radioactivites.  Laboratoire  Mixtt  CNRSCEA,  Orme  des 
Mensicrs/LMCE.  Bat  709.  CE  Saclay.  F-9119!  Gif-Jur-Yvette  Cedcx.  France, 
manak  itmce.saclay.cea.fr.  mariak'S chemistry. uch.gr.  mariak!§  iesl.forth.gr 

2.  Utrecht  University.  IMAU,  Utrecht.  The  Netherlands 

3.  University  of  Oslo.  Oslo.  Norway. 

4.  Atmospheric  Chemistry  Modelling.  Meteorological  Office.  Bracknell,  U  K. 

5.  Atmospheric  Chemistry  Division  -  NCAR.  Boulder.  Colorado.US  and 
Sen  ice  tfAeronomie.  University  Paris  6.  Jussieu.  Paris.  France. 

ft.  Max  Planck  Institute  for  Chemistry.  Atmospheric  Chemistry  Division.  Mainz. 
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10.  GFDL.  Princeton.  US. 

The  objective  of  the  Tropospheric  Ozone  (03)  Global  Model  Intercom parison 
Exercise  performed  in  1997  was  to  systematically  evaluate  the  capabilities  of  the 
current  generation  of  3-dimcnsiona!  global  modds  used  for  tropospheric  03  studies, 
and  to  identify  key  areas  of  uncertainty  in  our  understanding  of  the  tropospheric  03 
budget.  Thi>  exercise  has  been  organised  by  GIM  (Global  Integration  Modelling)  pan 
of  the  IGAC  (International  Global  Atmospheric  Chemistry )  activity.  The  strategy  was 
to  investigate  the  coherence  of  the  models  and  how  do  the  model  results  compare  to 
the  real  atmo'phere.  12  global  3-dimensional  Chemistry  Transport  Models  have  been 
participated  at  this  exercise.  These  models  differ  in  the  paramemsation  of  the  main 
proce-»cs  controlling  chemical  tracer  budgets  i.e.  transport  by  advec lion,  diffusion  and 
convection,  chemistry  (homogeneous  and  heterogeneous),  wet  and  dry  deposition,  and 
emi>sion  of  trace  compounds  by  natural  and  anthropogenic  sources.  On  the  basis  of 
the-><  results,  the  uncertainties  in  tropospheric  03  budget  and  the  performances  of  the 
models  will  be  discussed  and  the  differences  will  be  analysed. 


SIMULATIONS  OF  STRATOSPHERIC  CON¬ 
STITUENTS  IN  A  UNIFIED  CLIMATE  /  FORECAST 
MODEL 

J.R-  Knight  (Meteorological  Office,  London  Rd.,  Bracknell.  Berk¬ 
shire,  RG12  2SZ.  U.K.),  J-  Austin  and  N.  Butchart 

A  high  resolution  three-dimensional  general  circulation  model  with 
stratospheric  chemistry  interacting  with  the  model  heating  rates  is 
integrated  for  a  sequence  of  10  day  periods.  The  periods  are  chosen 
to  coincide  with  low  temperatures  in  the  lower  stratosphere  when 
polar  stratospheric  clouds  occurred.  The  initial  conditions  are  taken 
from  observations  from  the  northern  winters  1992-199S  and  com¬ 
parisons  are  made  between  simulations  with  different  polar  strato¬ 
spheric  cloud  (PSC)  schemes.  Results  are  analysed,  amongst  other 
ways,  in  terms  of  the  ozone  change  on  the  475  K  isentropic  surface 
for  air  parcels  within  the  vortex,  as  defined  by  equivalent  latitude. 
The  effects  of  the  different  PSC  schemes  and  of  the  different  time 
of  year  on  the  constituent  concentrations  are  discussed. 
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ASSIMILATION  OF  THE  UARS/MLS  OZONE  MEASURE¬ 
MENTS  IN  A  3-D  STRATOSPHERIC  CHEMISTRY  TRANSPORT 
MODEL 

P.  F.  Level t  (1),  B.  V.  Khattatov  (2),  X.  X.  Tie  (2).  G.  P.  Brasseur  (2),  J.  C. 
Gille  (2)  and  H.  Kelder  (I) 
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eltaknmi.nl,  (2)  NCAR.  P.O.Box  3000,  Boulder,  Colorado  80307-3000,  USA. 
borisaucat.edu. 

A  sequential  data  assimilation  scheme  has  been  implemented  in  the  3-D  global 
stratospheric  chemistry  transport  model  ROSE  (Rose  and  Brasseur.  1980).  The 
model  contains  an  extensive  photochemical  scheme  and  includes  heterogeneous 
reactions.  The  UK  MO  st  ratospheric  analysis  data  are  employed  for  transport 
calculations. 

Ozone  profiles  from  the  Microwave  Limb  Sounder  (MLS)  on  board  the  Upper 
Atmospheric  Research  Satellite  (CARS)  were  used  in  the  assimilation.  The 
obtained  global  distributions  of  ozone  and  other  species  will  be  presented. 

The  resulting  three-dimensional  ozone  distributions  were  used  to  calculate  the 
total  stratospheric  ozone  column.  Using  the  ozone  climatology  from  Fortuin 
et  al.  (1995)  the  total  02one  column  was  computed  and  compared  with  total 
ozone  measurements  from  the  Global  Ozone  Monitoring  Experiment  (GOME) 
on  board  the  European  Remote  Sensing  satellite  (ERS-2).  Results  of  these 
comparisons  will  be  presented  and  discussed. 


Validation  of  ground-based  microwave  measurements  at  the 
Bordeaux  Observatory,  France 

O.  Lezeaux  (1),  J.  de  La  Nod  (1),  Ph.  Ricaud  (1)  ,R.  Peter  (2),  Y. 
Calisesi  (2),  S.  Godin  (3),  J.  W.  Waters  (4),  L.  Froidcvaux  (4)  and  M. 
Chipperfield  (5) 

(1)  Bordeaux  Observatory,  Floirac,  France 

(2)  University  of  Bern,  Switzerland 

(3)  Service  Aeronomie  du  CNRS,  Paris,  France 

(4)  JPL,  Pasadena,  Cal.,  USA 

(5)  University  of  Cambridge,  Cambridge,  UK 
lezeaux(S>observ.u-bordeaux.fr/Fax:+33-5-57-77-61-55 

Ozone  measurements  are  carried  out  by  a  ground-based  microwave 
radiometer  at  the  Bordeaux  Observatory,  (45°N,  France).  This 
instrument  tuned  to  the  1 10.836  GHz  ozone  fine  uses  a  beam  switching 
observation  method.  Ozone  profiles  are  retrieved  using  the  optimal 
estimation  method  in  the  altitude  range  25-75  km.  An  error  analysis  has 
been  completed,  including  measurement,  model  parameters  and 
smoothing  errors.  Validation  of  results  obtained  over  a  three-year  period 
(1995-1997)  is  presented.  It  consist  of  comparing  Bordeaux  retrieved 
profiles  with  ozone  profiles  provided  by  i)  ground-based  microwave 
measurements  from  the  Bem  University,  Switzerland,  ii)  ground-based 
lidar  measurements  from  the  Observatoire  de  Haute  Provence,  France, 
iii)  measurements,  selected  over  the  station,  by  the  Microwave  Limb 
Sounder  instrument  aboard  the  Upper  Atmosphere  Research  Satellite, 
and  finally  iv)  results  from  the  3-D  SLIMCAT  model. 


GLOBAL  ATMOSPHERIC  MONITORING  WITH  SCIAMACHY 

S.  Noel  (1),  H.  Bovensmann,  J.  P.  Burrows.  J.  Frerick  (1),  K.  V.  Chance  (2) 
and  A.  H.  P.  Goede  (3) 

(1)  Institute  of  Environmental  Physics,  University  of  Bremen.  FB  1.  D-28334 
Bremen.  Germany,  (2)  Harvard-Smithonian  Center  for  Astrophysics.  Cam¬ 
bridge.  MA  02138,  USA,  (3)  SRON  Ruimetonderzoek,  NL-3584  Utrecht.  The 
Netherlands. 

Stefan.Noeieiup.physik.uni-bremon.de/Fax:  [49]  421  218  4555 

SCIAMACHY  (Scanning  Imaging  Absorption  Spectrometer  for  Atmospheric 
CHartographY)  is  a  space  based  spectrometer  designed  to  measure  sunlight 
transmitted,  reflected  and  scattered  by  the  Earth  atmosphere  or  surface.  It  is 
a  contribution  to  the  ENVISAT-1  satellite  to  be  launched  in  late  1999. 
SCIAMACHY  measurements  will  provide  amounts  and  distribution  of  O3  BrO 
OCIO,  CIO.  S02,  H2CO,  N02,  CO,  C02.  CH4.  H20,  N20,  p,  T,  aerosol,  ra¬ 
diation,  cloud  cover  and  cloud  top  height  from  atmospheric  measurements  in 
nadir,  limb  and  occultation  geometry.  By  the  combination  of  the  near  simulta¬ 
neous  limb  and  nadir  observations  SCIAMACHY  is  one  of  a  limited  number  of 
instruments  which  is  able  to  detect  tropospheric  column  amounts  of  O3.  X02. 
CO.  CH4,  H20.  N20,  S02,  and  H2CO  down  to  the  planetary  boundary  layer 
under  cloud  free  conditions. 

SCIAMACHY  will  provide  new  insight  into  the  global  behaviour  of  the  tropo¬ 
sphere  and  the  stratosphere.  Because  of  its  wide  range  of  applications  SCIA¬ 
MACHY  is  a  good  candidate  instrument  for  any  future  global  monitoring  sys¬ 
tem. 


Storm  track  signature  in  total  ozone  during  the  northern 
hemisphere  winter 

Y.J.  Orsolmi,D.  B.  Stephenson,  F.J.  Doblas-Reyes, 

Meteo-France,  CNRM,  Toulouse,  France 
e-mail:  David.STEPHENSON@meteo.fr 

Total  ozone  has  long  been  known  to  correlate  with  synoptic  eddy  ac¬ 
tivity,  low  total  ozone  being  associated  with  anticvclonic  conditions. 
Such  eddy  activity  is  particularly  intense  over  the  storm  track  re¬ 
gions  of  the  North  Atlantic  and  Pacific  oceans  during  boreal  winter. 
An  Eulerian  diagnostic  was  introduced  by  Blackmon  et  al.  [1977] 
to  investigate  storm  tracks,  based  on  band-pass  filtering  the  500  mb 
geopotential  height  for  synoptic  time  scales.  Wintertime  satellite 
observations  of  total  ozone  by  the  TOMS  instrument  are  analyzed 
using  the  same  time-filtering  approach.  Climatological  storm  track 
signatures  in  total  ozone  are  described.  The  North  Pacific  signa¬ 
ture  is  weaker  than  over  the  North  Atlantic,  and  the  cause  of  this 
asymmetry  is  explored.  In  the  winter  1996/97,  the  Atlantic  storm 
track  was  displaced  westward  and  poleward  due  to  persistent  anti- 
cyclonic  conditions  over  western  Europe.  Total  ozone  fluctuations 
on  synoptic  time  scales  were  hence  reduced  over  western  Europe. 


DESIGN  OF  A  NEW  DIAL  SYSTEM  FOR  TROPOSPHERIC  AND  LOWER 
STRATOSPHERIC  OZONE  MONITORING  IN  NORTHEN  GREECE 

A.  Papayannis  (1).  J.  Porteneuve  (2).  D.  Balis  (3).  C.  Zerefos  (3)  and  E.  Galani  (3) 

( 1 )  Physics  Department.  National  Technical  University  of  Athens.  Greece 

(2)  Serv  ice  d‘ Aeronomie  du  CNRS.  France 

(3)  Laboratory  of  Atmospheric  Physics.  Aristotle  University  of  Thessaloniki. 
Greece 

Email:  apdlidarri. central.ntua.gr 

A  new  ozone  DIAL  system  has  been  designed  for  tropospheric  and  lower 
stratospheric  ozone  monitoring  in  Northen  Greece.  The  system  is  based  on  a 
quadrupled  pulsed  Nd:YAG  laser  and  the  Raman  shifting  technique  in  deuterium 
(D:)  and  hydrogen  (H:)  gases.  The  lidar  system  emits  simultaneously  4  wavclcgths 
(266  nm.  289  nm.  299  nnt  and  316  nm)  using  a  single  Raman  cell.  The  optical 
receiving  system  is  based  on  a  50  cm  concave  telescope  uhich  is  coupled  to  a 
specially  conceived  spectrometer  through  a  quartz  optical  fiber.  This  lidar  system 
uses  siaic-of-lhe-art  analogue  ( 12  bits-40  MHz)  and  photon  counting  (250  MHz) 
real-time  detection  systems  able  to  measure  lidar  signals  up  2()  km  height.  Ozone 
vertical  profiles  are  measured  from  I  km  up  to  16  km  heigiu  with  a  50  m  average 
spatial  resolution  and  a  l -minute  temporal  resolution.  In  this  paper  the  major 
technical  characteristics  of  the  new  lidar  system  will  be  presented.  The  system  is 
foreseen  to  provide  the  first  ozone  vertical  profiles  on  May  1998  during  the 
Photochemical  Activity  and  Ultraviolet  Radiation  (PAUR  U)  European  Campaign. 


SENSITIVITY  OF  PHOTOLYSIS  RATES  J(OaD)  AND  J(NOa)  TO 
DIFFERENT  ATMOSPHERIC  CONDITIONS 

E.  Putz  and  G.  Pfister 

Institute  for  Meteorology  and  Geophysics,  A  -  8010  Graz. 

Modeling  of  the  chemistry  of  the  lower  atmosphere  requires  photolysis  rates  of 
certain  gases  based  on  a  radiation  field  which  includes  ozone  absorption,  mole¬ 
cular  scattering  and  surface  reflection.  Meteorological  conditions  like  clouds 
and  aerosols  also  affect  the  actinic  flux  and  have  to  be  considered.  Photolysis 
of  ozone  (A  <  320nm)  is  one  of  the  most  relevant  primary  sources  for  hydroxyl 
radicals  via  the  reaction  of  0(lD)  with  H20.  OH  radicals  are  important  for  the 
tropospheric  chemistry  where  they  are  involved  in  the  oxidative  composition  of 
many  man-made  and  natural  trace  gases  such  as  CO,  CH4,  S02  and  CH3CCI3. 
The  photodissociation  of  NO>  (A  <  420  nm)  provides  the  oxygen  atoms  required 
for  photochemical  ozone  formation  in  the  troposphere. 

We  used  the  model  TUV  (Madronich,  1997)  to  make  modeling  of  the  photo¬ 
lysis  frequencies  J(OlD)  and  J(N02)  and  the  sensitivity  to  solar  zenith  angle, 
overhead  ozone  column,  cloud  cover,  aerosol  loading,  temperature,  pressure  and 
surface  albedo  is  examined.  A  comparison  with  measurements  of  the  photolysis 
rates  under  a  variety  of  conditions  commonly  found  in  the  troposphere  will  be 
used  to  stabilize  the  modeled  data. 
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THREE-DIMENSIONAL  SIMULATIONS  OF  OZONE  IN  THE  STRATOSPHERE 
AND  COMPARISON  WITH  L  ARS  DATA 

E.  Rozanov.  V.  Zubov  .  M.  Schlesinger.  F.  Yang  and  N.  Andronova 
University  oflllinois  at  Urbana-Champaign.Urbana.  Illinois  61801.  USA 
rozannov(§  atmos.uiuc.edu 

A  3-D  Atmospheric  Chemical  Transport  model  has  been  developed  and  used  for  the 
simulation  of  present-day  trace-gas  distributions  in  the  troposphere  and  stratosphere.  A 
10 -year- long  steady-state  model  run  for  1995  boundary  conditions  and  circulation  fields 
derived  from  the  24-layer  UIUC  AGCM  has  been  carried  out.  The  simulated  distributions 
of  ozone  and  radical  species  (e.g..  N0.N02.  and  CIO),  which  are  responsible  for  the 
ozone  destruction  in  the  stratosphere,  are  compared  with  available  observations  made  by 
the  HALOE.  CLAES  and  MLS  instruments  onboard  UARS  satellite.  The  comparison  is 
carried  out  for  monthly  zonal-mean  climatology  for  particular  days  and  locations,  and  the 
correlations  between  different  species  derived  from  the  simulated  and  measured^data  are 
calculated.  The  results  of  this  comparison  show  reasonable  agreement  (within  30%)  of 
the  simulated  and  measured  monthly  zonal-mean  ozone  distributions,  although  the 
location  of  the  simulated  maximum  in  the  ozone  distribution  is  generally  lower  (about  2-3 
km)  than  derived  from  satellite  data.  A  substantial  disagreement  between  the  simulated 
and  measured  data  occurs  for  particular  days  and  locations,  when  the  synoptic-scale 
variability  of  the  ozone  cannot  be  simulated  by  the  model  driven  by  the  climatological 
circulation  produced  by  the  AGCM.  The  influence  of  the  choice  of  chemical  reaction  set 
on  the  stratospheric  ozone  is  estimated  with  additional  short-term  model  run>. 


OZONE  VERTICAL  DISTRIBUTIONS  FROM  GOME/ERS-2 
SATELLITE  DATA  -  I:  COMPARISON  WITH  INDEPENDENT 
MEASUREMENTS 

V.  Rozanov.  K.  Bram.stedt,  K-U.  Eichtnann,  M.  Weber,  R.  de  Beek,  J.  P.  Bur¬ 
rows  and  R.  Hoogen 

Institute  of  Remote  Sensing.  University  of  Bremen.  D-23334  Bremen,  Germany, 
ricarda. hoogen. Cife.phyaik. uni-bretaen.de/Fax:  [49]  421  218  4555 
The  GOME  (Global  Ozone  Monitoring  Experiment)  launched  aboard  ESA  s 
2nd  European  Remote  Sensing  Satellite  (ERS-2)  in  April  1995  is  part  of  the 
international  scientific  effort  to  improve  our  understanding  of  the  natural  and 
anthropogenic  influences  on  the  global  ozone  distributions.  GOME  is  a  nadir¬ 
viewing  grating  spectrometer  covering  the  wavelength  range  240-790  nm  with 
a  moderate  spectral  resolution  of  0/2-0.4  nm.  With  the  current  scan  strategy- 
global  coverage  at  the  equator  is  achieved  within  three  days,  the  horizontal 
resolution  being  960kmxl00km. 

At  the  Institute  of  Remote  Sensing  the  FUU  Retrieval  Method  (FURM)  was 
developed  to  derive  vertical  ozone  distributions  from  GOME  data.  FURM  is 
based  on  an  optimized  optimal  estimation  method,  which  in  this  form  is  being 
used  in  satellite  remote  sensing  for  the  first  time.  The  vertical  resolution  that 
can  be  achieved  is  of  the  order  of  6- 10km  in  the  lower  and  upper  stratosphere. 
For  cloud  free  or  low  clouds  scenes  the  tropospheric  column  can  also  be  re¬ 
trieved.  The  quality  of  the  inferred  profiles  will  be  assessed  by  comparing  them 
to  selected  ozouesonde  profiles  and  other  independent  measurements. 


ST15  Atmospheric  ozone  (co-sponsored  by  OA) 

Convener:  Hirschberg,  M.-M. 

02  Polar  ozone 

Convener:  Krivolutsky,  A.A. 


CLIMATOLOGY  OF  THE  REPROBUS  CHEMISTRY-TRANSPORT  MODEL 
COUPLED  TO  THE  ARPEGE  GENERAL  CIRCULATION  MODEL 

H.  Tcvssfrdrc.  A  De  Rudder,  F.  Leftvre  and  P.  Simon 
METEO-FRANCE/CNRM,  42,  av.  G.  Coriolis,  31057  Toulouse  Cedex,  France 
teyssedr@cnrm.meteo.fr/Fax:  +33-561079610 

The  REPROBUS  Chemistry-Transport  Model  calculates  the  chemistry  of  the 
stratosphere  whereas  stratospheric  dynamics  is  determined  by  the  climate  version 
of  the  ARPEGE  General  Circulation  Model.  Both  models  are  coupled  :  ozone 
calculated  by  the  full  photochemical  package  of  REPROBUS  is  taken  into  account 
in  the  radiative  budget  calculation  of  ARPEGE  which  in  turn  provides 
REPROBUS  with  temperature  and  winds.  This  allows  interactive  coupling 
between  dynamics  and  chemistry.  The  strongest  effect  of  chemical  feedback  upon 
dynamics  is  a  modulation  of  the  Antarctic  vortex,  related  to  the  ozone  depletion 
amplitude.  Both  models  are  run  for  several  years  for  the  current  atmosphere  and 
for  the  atmosphere  of  year  2015.  The  climatologies  of  both  atmospheres  will  be 
presented  and  discussed,  with  particular  emphasis  upon  the  «  Antarctic  ozone 
hole  »  in  the  southern  hemisphere,  and  stratospheric  global  wanning  occurences 
in  the  northern  hemisphere.  The  climatology  of  the  simulated  current  atmosphere 
will  be  compared  to  the  Total  Ozone  Mapping  Spectrometer  (TOMS)  and  Upper 
Atmosphere  Research  Satellite  (UARS)  data. 


THE  ROLE  OF  WATER  VAPOUR  PHOTODISSOCIATION  ON 

MESOPAUSE  OZONE 

I.  M.  Vardavas  (1,2)  and  G.  Vlastou  (2) 

(1)  Department  of  Physics,  University  of  Crete,  Heraklion,  Crete,  Greece, 

(2)  Foundation  for  Research  and  Technology  -  Hellas,  Heraklion,  Crete,  Greece. 
vardavasCiesl.forth.gr/Fax:  [30]  81  391305 

A  one-dimensional  atmospheric  photochemical  model  is  used  to  examine  the 
structure  of  the  global  mean  vertical  ozone  profile  and  its  nighttime  to  daytime 
variation  in  the  upper  atmosphere.  Two  distinct  ozone  layers  are  predicted,  sep¬ 
arated  by  a  sharp  drop  in  the  ozone  concentration  near  the  mesopause.  This 
naturally  occurring  mesopause  ozone  deep  minimum  is  primarily  produced  by 
the  rapid  increase  in  the  destruction  of  water  vapour,  and  hence  increase  in 
HO*,  at  altitudes  between  80  and  85  km,  a  region  where  water  vapour  photodis¬ 
sociation  by  ultraviolet  radiation  of  the  solar  Lyman-alpha  line  is  significant 
and  where  the  supply  of  water  vapour  is  maintained  by  methane  oxidation  even 
for  very  dry  conditions  at  the  tropospheric-stratospheric  exchange  region.  The 
model  indicates  that  the  depth  of  the  mesopause  ozone  minimum  is  limited  by 
the  efficiency  with  which  inactive  molecular  hydrogen  is  produced,  either  by  the 
conversion  of  atomic  hydrogen  to  molecular  hydrogen  via  one  of  the  reaction 
channels  of  H  with  H02  or  by  Lyman-alpha  photodissociation  of  water  vapour 
via  the  channel  that  leads  to  the  production  of  molecular  hydrogen.  The  sen- 
sit  ivitv  of  mesopause  ozone  to  solar  cycle  uv  flux  variations  and  to  increasing 
greenhouse  gases  is  also  examined.  Recent  observational  evidence  supports  the 
predictions  of  the  model. 


POLAR  OZONE  AS  OBSERVED  BY  ADEOS  I  LAS  AND  TOMS 
INSTRUMENTS 

A.  C.  Aikin  Laboratory  for  Atmospheres,  Goddard 
Space  Flight  Center  Greenbelt,  MD  20771 
aikinechapman.gsfc.nasa.gov;  G.A.  Morris  Joint  Center 
for  Earth  System  Technology  University  of 
Maryland  at  Baltimore 

The  I LAS  and  TOMS  instruments  measured  respectively 
the  ozone  vertical  distribution  and  total  o2one 
amounts  during  the  1996-1997  polar  summer.  Between  50 
S  and  the  south  pole  total  ozone  is  characterized  by 
a  maximum  centered  near  60S  and  a  decrease  to  a 
minimum  of  200  to  250  DU  at  the  south  pole.  Total 
ozone  amount  changes  from  month  to  month  during  the 
summer.  Ozone  amounts  vary  longitudinally  with 
indication  of  wave  structure.  There  is  evidence  of 
total  ozone  circumpolar  transport  and  latitudinal 
transport  toward  the  pole.  ILAS  ozone  observations 
are  confined  to  the  60  to  70  S  latitude  region.  These 
profiles  show  altitude  structure,  which  varies  with 
time  and  location.  Using  back  trajectory  analysis  and 
calculated  pv  maps,  it  is  possible  to  trace  the 
origins  of  stratospheric  ozone  at  different  altitudes 
ie.  potential  temperature  surfaces.  There  is  an 
indication  of  transport  from  lower  to  higher 
latitudes  existing  at  some  vertical  levels  and  not 
others  in  agreement  with  ILAS  observations  of  profile 
shape  changes.  This  type  of  analysis  can  be  used  to 
evaluate  the  fine  structure  in  the  ILAS  profiles. 
Total  ozone  amounts  as  observed  by  TOMS  and  ILAS  are 
employed  to  validate  ILAS.  Northern  hemisphere  polar 
ozone  data  in  the  early  spring  are  also  analyzed. 
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MODELED  OZONE  LOSS  IN  THE  ARCTIC  STRATOSPHERE  IN 
COMPARISON  TO  RESULTS  OF  THE  MATCH  EXPERIMENTS 
G.  Becker  (1),  R.  Muller  (1),  D.  S.  McKenna  (1)  and  M.  Rex  (2) 

(1)  Institut  fur  Stratospharische  Chemie  (ICG-1),  Forschungszentrum  Jiilich, 
Germany,  (2)  Alfred- Wegener-Institut  fur  Polar-  und  Meeresforschung  Pots¬ 
dam,  Germany. 

g .  beckerCf  z-juelich .  de/Fax:  +49-2461-615346 

The  Match  technique  determines  chemical  ozone  depletion  in  the  Arctic  polar 
vortex  from  an  analysis  of  pairs  of  ozone  soundings  probing  the  same  airpar- 
cel  at  two  different  points  of  a  calculated  trajectory.  It  allows  a  quantitative 
comparison  of  the  observed  ozone  loss  rates  with  model  results  because  the 
exposure  of  the  probed  airmasses  to  sunlight  is  known.  We  use  a  photochemi¬ 
cal  box  model  to  simulate  the  Match  experiments  of  the  winters  1991/92  and 
1994/95.  The  model  severely  underestimates  the  early  winter  ozone  loss.  Ex¬ 
tensive  sensitivity  studies  for  the  winter  1991/92  show  that  the  discrepancy 
between  model  and  Match  results  can  not  be  explained  by  uncertainties  of  the 
model  parameters. 


TOTAL  OZONE  CONTENT  OVER  MURMANSK 

Belogolov  V.S. 

Polar  Geophysical  Institute; 

15  Khalturina  Str.,  Murmansk  183010,  Russia; 
<sergeich@polar.murmansk.su> 

Total  ozone  measurements  have  been  performed  by  different 
organisations  on  a  regular  basis  at  Murmansk  (<p=68.97°N, 
£=33.05°E;  0=64.5°N,  A=1 15.2°E)  since  the  beginning  of 
observations  in  1971  to  1997.  All  the  data  of  ozone  observations  for 
the  whole  observation  period  are  collected  as  a  data  base  in  the 
Geophysical  Observatory  Loparskaya.  An  initial  analysis  of  collected 
data  was  implemented  and  it  was  noted  that  the  total  ozone  content 
(TOC)  at  Murmansk  during  the  last  27  years  showed  the  decreasing 
of  the  one.  A  seasonal  behaviour  and  other  characteristics  of  TOC 
were  obtained. 


OZONE  MEASUREMENTS  IN  THE  LOWER  TROPOSPHERE 
OVER  NY-ALESUND,  SVALBARD  (78°55’N,  11°53’E) 

Boian  R.  Boikov  and  Harald  J.  Beine 
Nbrwegian  Institute  for  Air  Research  (NILU) 
bojan@nilu.no,  harry@nilu.no 

Hourly  surface  ozone  measurements  made  since  1991  at  the 
Zeppelin  mountain,  Svalbard,  using  a  UV-absorption  ozone 
analyser  are  compared  to  coinciding  ozone  measurements  from 
balloon  borne  electrochemical  cell  ozonesonde  observations 
launched  from  nearby  Ny-Alesund.  By  extending  the  surface 
ozone  measurements  with  in-situ  ozonesonde  measurements, 
we  attempt  to  establish  the  seasonal  characteristics  of  ozone  in 
the  lower  troposphere  with  respect  to  prevailing  meteorological 
conditions  and  air-mass  origin  at  different  levels. 


A  DISCUSSION  ON  THE  VARIABILITY  OF  ATMOSPHERIC 
TRACE  GAS  CONCENTRATIONS  AND  OTHER  HIGH  LATI¬ 
TUDE  PHENOMENA 

C.F.  Enell  (1),  A.  Meier  (1),  A.  Steen  (1),  V.  Cooray  (2),  T.  Wagner  (3),  K. 
Pfeilsticker  (3),  U.  Platt  (3)  and  P.  Johnston  (4) 

(1)  Swedish  Institute  of  Space  Physics,  P.O.  Box  812,  S-981  28  Kiruna,  Sweden, 

(2)  Institute  of  High  Voltage  Research,  Husbyborg,  S-752  28  Uppsala,  Su'eden, 

(3)  Institute  of  Environmental  Physics,  University  of  Heidelberg,  INF  366,  D- 
69120  Heidelberg,  Germany,  (4)  NIWA  Lauder,  Private  Bag  50061,  Omakau, 
Central  Otago,  New  Zealand. 

fredrikCirf.se/Fax:  [+46]  980  790  50 

Routine  measurements  of  atmospheric  trace  gas  concentrations  by  ground- 
based  monitoring  optical  instruments  at  high  latitude  facilitate  studies  of  possi¬ 
ble  influences  of  different  phenomena  on  atmospheric  trace  gases.  In  this  study 
we  use  data  from  UV/ visible  DOAS  instruments  operated  at  the  Swedish  Insti¬ 
tute  of  Space  Physics  in  Kiruna  in  order  to  discuss  the  variability  of  03,  N02, 
OCIO,  and  BrO  over  a  one-year  period. 

The  initial  study  includes  a  discussion  on  the  location  of  the  polar  vortex,  the 
location  and  activity  level  of  the  auroral  oval,  cloudiness,  and  lightning.  Only 
a  few  aspects  of  each  individual  high  latitude  phenomenon  is  quantified  and 
related  to  the  derived  trace  gas  concentrations. 


PSC  LIDAR  MEASUREMENTS  INTERPRETATION  BY  A  MIE 
MODEL 

F.  Fierli  (1),  A.  Hauchecorne  (1)  and  H.  Mehrtens  (2) 

(1)  Service  d’Aeronomie  du  CNRS,  BP3  Verrieres  Ie  Buisson  91371  CEDEX 
France,  (2)  Institut  fur  Atmospharen  Physik,  SchloBstrasse  4-6,  D-18255 
Kuhliingsborn,  Germany. 

PSC  measurements  from  ALOM AR/RMR  lidar  has  been  classifyied  in  terms  of 
backscatter  measured  at  three  wavelengths  (/?£er3,3),  Two  values  of  lengthwave 
dependance  of  aerosol  backscatter(Angstrom  coefficient  a)  and  Depolarisation 
(tf).  The  typical  values  of  the  optical  parameters  is  different  from  previous  clas¬ 
sifications,  especially  for  type  lb  PSCs.  A  coherent  behaviour  of  the  a-/?acr 
relationship  is  found  for  each  kind  of  PSC,  but  is  slightly  variable  from  mesure- 
ment  to  measurement.  The  first  aim  of  this  work  is  to  define  the  sensitivity 
of  optical  measurements  to  changes  in  aerosol  characteristics  and  to  identify 
the  cloud  evolution  in  terms  of  size  distribution  parameters.  To  do  this,  0aer 
and  a  are  calculated  by  a  Mie  model  with  random  selection  of  bulk  parameters 
and  refraction  index  inside  the  range  for  type  lb  PSCs.  Theoretical  o  and  0aer 
corresponding  to  measured  ones  are  selected  in  order  to  characterise  measured 
PSC’s  by  random  model  parameters  .  Temperature  has  been  measured  simul¬ 
taneously  inside  PSC  by  Raman  Rotational  technique  during  several  events. 
Measured  (/^er3,3,  a)  and  theoretical  (size  distribution  average  volume)  aerosol 
parameters  will  be  related  to  temperature  changes. 


COMPARISON  OF  AIRBORNE  LIDAR  MEASUREMENTS  WITH  HIGH 
RESOLUTION  TRACER  TRANSPORT  MODELS 

H+jentje.  W.  Renger,  M.  Wirth  (Institut  fur  Physik  der  AtmosphSre,  DLR- 
OberpfafFenhofen.  82234  WeGling,  Germany) 

A.  O'Neill.  W.A.  Lahoz,  A.  Heaps  (Centre  for  Global  Atmospheric  Modelling. 
Univ.  of  Reading.  PO  Box  243,  Early  Gate.  Reading.  RG6  6BB.  United  Kingdom)  ~ 

Stratospheric  ozone  and  aerosol  were  measured  during  winter  94/95  in  several 
campaigns  with  an  airborne  LIDAR  system.  The  comprehensive  set  of  vertical 
along-flight-track  profiles  inside,  across  and  outside  the  polar  vortex  mirrors  the 
development  of  the  lower  stratosphere  during  that  winter.  The  LIDAR  data  are  used 
to  validate  high  resolution  transport  models  which  again  complement  the  vertical 
along  flight  track  information  horizontally.  This  provides  information  about  the 
height  resolved  ozone  and  aerosol  distribution  of  the  European  middle  and  high 
latitudes.  In  this  study  a  Contour  Advection  and  a  Domain  Filling  Trajectory  code 
driven  by  winds  from  UKMO  data  assimilation  are  run  to  advect  potential  vorticity 
(PV)  as  air  mass  tracer.  One  of  the  most  striking  features  of  the  measured  ozone 
distributions  is  the  pronounced  small  scale  horizontal  (-1°)  and  vertical  (-1km) 
inhomogeneity  with  blob-  and  tilted  stripe  structures  occurring  throughout  the 
winter  in  the  lower  stratosphere.  It  is  shown  that  in  many  cases  the  filaments 
indicated  thereby  are  reproduced  by  the  models  on  various  potential  temperature 
levels.  This  confirms  the  relevance  of  dynamical  processes  peeling  off  narrow  sheets 
of  air  from  the  vortex  edge  and  subsequently  transporting  and  diluting  them  to 
middle  latitudes.  Chemically  induced  ozone  depletion  previously  reported  for  21 
March  1995  is  confirmed  and  the  transport  of  ozone  depleted  vortex  air  to  mid¬ 
latitudes  discussed. 
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POLAR  STRATOSPERIC  CLOUD  MEASUREMENTS  BY  L1DAR  AND 
BALLOON  BORNE  SONDES  AT  SODANKYLA  IN  1996/1997 

R.  Kivi,  E.  KyrO,  L.  Rontu  (1),  C.  Wedekind,  B.  Stein,  H.  Wille  (2),  A.  Ddmbrack  (3), 

V.  Mitev,  R.  Matthey  (4),  J.  Rosen  (5),  V.  Rizi  (6),  B.  Lazzarotto,  B.  Calpini  (7), 
L.Stefanutti  and  M.  Del  Guasta  (8), 

(1)  Finnish  Meteorological  Institute,  Ilmala,  FIN-99600  Sodankyla,  Finland, 
riget.kivi@fmi.fi/Fax:+358- 16-61 0105,  (2)  Freie  Universitat  Berlin,  (3)  DLR- 
Oberpfaffenhofen ,  (4)  Observatoire  de  Neuchatel,  (5)  University  of  Wyoming, 
(6)Universita  1'  Aquila,  (7)  EPFL/DGR/LPAS,  Uusanne,  (8)  IROE/CNR,  Firenze 

Series  of  PSC  measurements  were  performed  at  an  Arctic  site  Sodankyla  (67  °N,  26  °E) 
during  the  winter  of  1996/1997.  The  instrumentation  consisted  of  aerosol  backscatter 
and  depolarization  lidar  and  balloon  borne  backscatter  sondes.  In  many  cases  it  was 
possible  to  obtain  aerosol  backscatter  and  depolarisation  profiles  quasi-simultaneously 
by  both  instruments.  We  present  a  summary  of  all  PSC  measurements  performed  during 
January-February  1997.  During  January  1997  PSC  temperatures  at  50  hPa  were 
observed  in  13  percent  of  all  radiosonde  launches,  which  is  the  lowest  for  the  last  6 
winters  for  this  altitude.  On  January  22-23,  1997  we  observed  type  II  PSC  with  the 
measured  temperatures  6-8K  lower  than  the  synoptic  scale  temperature.  On  the  other 
hand,  3-dimensional  mesoscale  numerical  weather  prediction  models  used  in  our  study, 
were  able  to  present  realistic  analysis  of  the  temporal  development  of  cold  areas  over 
northern  Scandinavia,  formed  as  a  result  of  lifting  of  isentropic  surfaces  by  mountain 
waves. 


EVIDENCE  FOR  A  SUBSTANTIAL  ROLE  FOR  DILUTION  IN  NORTHERN 
MID-LATITUDE  OZONE  DEPLETION. 

B.  M.  Knudsen(l),  W.  A.  Lahoz(2),  A.  O'Neill^),  and  J.-J.  Morcrette(3) 

(1)  Danish  Meterologica!  Institute  (2)  Centre  for  Global  Atmospheric  Modelling, 
Dept,  of  Meteorology,  University  of  Reading,  (3)  European  Centre  for  Medium-Range 
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Observations  of  stratospheric  ozone  and  chlorine  monoxide  (CIO)  are 
regularly  being  performed  at  the  Arctic  station  of  the  “Network  for  the 
Detection  of  Stratospheric  Change"  (NDSC),  using  a  ground  based 
millimetre  wave  radiometer.  While  ozone  has  been  operationally  monitored 
since  1994  at  an  observation  rate  of  about  20  profiles  per  day,  CIO 
measurements  are  being  restricted  by  the  strong  and  variable  absorption  of 
tropospheric  water  vapour  and  the  necessity  of  day  and  night  time 
observations.  The  location  of  the  observation  site,  Ny-Alesund  (78.9°N, 
1 1.9°E),  enabled  us  to  take  data  inside  the  polar  vortex  in  1997.  We 
observed  enhanced  levels  of  stratospheric  CIO  of  up  to  1 .6  ppbv  from  late 
February  to  early  April  1997  in  the  vicinity  of  20  km  of  altitude. 
Considering  diabatic  processes,  using  our  own  ozone  measurements  for  the 
calculation  of  atmospheric  heating  rates,  we  have  derived  chemical  ozone 
loss  rates  of  up  to  20  ppbv/day  in  the  same  altitude  range.  A  subsequent 
ozone  loss  of  approximately  35%  was  measured  over  the  complete  ozone 
loss  period.  Besides  details  of  this  analysis  we  are  presenting  data  of  1998 
for  both  species. 
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During  the  consecutive  winters  of  1995/96  and  1996/97  record  low  tempera¬ 
tures  well  below  195  K,  the  conventional  threshold  value  for  PSC-I  formation, 
were  observed  in  the  lower  arctic  stratosphere.  While  the  low  temperatures  in 
the  former  winter  were  caused  by  strong  upper  tropospheric  blocking  common 
to  northern  hemispheric  winters,  the  latter  showed  a  strong,  less  disturbed  and 
persistent  cold  polar  vortex,  a  feature  usually  observed  in  the  antarctic  win¬ 
ter  stratosphere.  In  both  winters  the  cold  temperatures  led  to  the  formation 
of  PSC’s.  The  disturbance  of  the  chlorine  chemistry  due  to  heterogeneous  re¬ 
actions  and  the  subsequent  ozone  destruction  resulted  in  unusually  low  ozone 
values  in  the  northern  hemisphere. 

The  aim  of  this  study  is  to  investigate  the  dynamical  and  chemical  processes  and 
their  interaction  during  these  episodes.  A  three  dimensional  mechanistic  model 
of  the  middle  atmosphere  which  is  coupled  with  a  chemistry  and  a  transport 
module  is  used  to  simulate  the  two  episodes.  The  data  for  the  temperature 
fields  used  to  force  the  model  at  the  lower  boundary  region  are  taken  from 
ECMWF  analyses.  The  main  results  will  be  presented  and  compared  to  data 
derived  from  satellite  measurements. 
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Using  the  monthly  mean  TOMS  (version  7)  data  the  linear  trends  of  total  ozone 
are  calculated  for  each  month  in  1979-1992  and  analyzed  with  a  special  atten¬ 
tion  to  the  longitudinal  structure.  Together  with  the  well  known  negative  trends 
the  positive  total  ozone  trends  were  revealed  in  the  distinct  regions  in  particular 
westward  from  Greenland  in  January-February.  The  relations  between  interan¬ 
nual  variations  of  total  ozone  and  stratospheric  angular  momentum  (NCEP 
data)  were  investigated  by  means  of  the  calculations  of  the  empirical  orthog¬ 
onal  functions  (EOF)  and  singular  value  decomposition  (SVD)  analysis.  The 
results  indicated  strong  link  of  total  ozone  anomalies  with  stratospheric  cir¬ 
culation  variations  especially  during  winter/spring  seasons,  which  confirm  the 
findings  for  the  evolution  of  zonally  average  fields  in  1979-1991.  It  may  mean 
that  observed  ozone  trends  can  be  mostly  caused  by  interannual  and  decadal 
changes  of  stratospheric  wave  activity.  The  possibilities  to  distinguish  the  long¬ 
term  natural  and  anthropogenic  impacts  on  ozone  layer  are  discussed. 


Satellite  measurements  of  ozone  have  shown  a  significant  decline  in  ozone  at 
mid-latitudes,  and  this  has  partially  been  explained  by  chemical  models.  Transport  of 
air  out  the  polar  vortices  has  been  shown  to  be  modest,  but  after  break-up  of  the  vortex 
any  ozone  depleted  air  will  eventually  mix  into  mid-latitudes  and  cause  a  dilution 
there.  For  the  Antarctic  ozone  hole  this  has  been  verified  in  model  simulations.  Here 
we  show  that  the  large  ozone  depletions  in  the  Arctic  vortex  in  spring  1993-97  lead  to 
a  dilution  of  northern  mid-latitude  ozone  of  about  2  %  in  1993-94,  which  are 
comparable  to  TOMS  trends  in  at  30-60  N  May  of  6  %  from  1979-1994.  In  spring 
1995-97  the  dilution  is  about  3-4  %.  These  results  indicate  that  dilution  plays  a 
substantial  role  in  the  mid-latitude  ozone  depletion  in  spring  and  summer,  when  the 
harmful  effects  of  increases  in  UV  radiation  are  largest. 
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High  resolution  TOMS  global  data  for  each  spring  for  1979  - 
1994  interval  were  used  to  study  the  correlation  between  the 
intensity  of  total  ozone  large-scale  disturbances  and  ,zone 
content  over  South  pole  during  Antarctic  springs  with  ozone 
hole” manifestation.  The  harmonic  analysis  procedure  has 
revealed  a  strong  QBO  modulation  of  first  harmonic  amplitude 
with  in  phase  of  QBO  oscillations  of  total  spring  ozone  over 
South  pole.  The  magnitudes  of  first  harmonic  reach  of  about  100 
Dobson  units  for  single  years  in  contrast  to  the  its  smaller 
magnitudes  at  high  latitudes  of  the  Northen  Hemisphere.  The 
correlation  coefficient  between  evolution  of  the  first  harmonic 
amplitude  at  60  S  in  September  and  ozone  content  in  October 
(after  linear  trend  substraction)  equals  0.7.  The  problem  is  to 
explain  QBO  effect  in  the  planetary  waves  intensity. 


QBO  VARIABILITY  OF  TOTAL  OZONE  FOR  ANTARCTIC 
SPRINGS  AND  ITS  RELATION  TO  PLANETARY  WAVES 
INTENSITY 
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Three-dimensional  simulations  of  total  ozone  are  reported  for  the  1997-98  Arctic 
winter.  We  used  the  REPROBUS  chemistry-transport  model  which  calculates  the 
densities  of  55  species  or  families  of  stratospheric  interest,  by  means  of  a 
comprehensive  photochemical  package  and  a  detailed  description  of  heterogeneous 
reactions  on  liquid  and  solid  particles.  The  comparison  between  the  chemically 
integrated  ozone  and  a  passive  tracer  initialized  like  ozone  allows  to  discriminate 
chemical  changes  from  variations  due  to  dynamical  processes.  This  method  is  used 
to  quantify  the  ozone  chemical  loss  during  the  1997-98  winter.  Comparisons  with 
ground-based  and  satellite  observations  are  also  presented. 
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For  a  quantitative  understanding  of  Arctic  ozone  depletion  the  number,  the  tim¬ 
ing,  the  duration,  and  the  altitude  of  PSC  events  is  a  very  important  factor. 
According  to  the  temperature  analysis  from  the  ECMWF  in  winter  1996/97 
temperatures  fell  below  PSC  type  I  formation  temperatures  for  only  a  few 
days  in  January  1997  and  never  reached  PSC  II  formation  temperatures  above 
northern  Scandinavia.  In  contrast  our  new  backscatter  lidar  (light  detection  and 
ranging)  on  the  Esrange  (68°N)  near  Kiruna,  Sweden,  detected  PSCs  even  on 
days  when  regional  ECMWF  temperatures  were  too  high  for  any  PSC  forma¬ 
tion.  All  types  of  PSCs  were  observed  in  this  winter:  very  weak  but  depolarizing 
PSCs  of  type  la  with  a  backscatter  ratio  of  1.1  in  parallel  and  2  in  perpendicular 
polarization,  non  depolarizing  PSCs  of  type  lb  with  backscatter  ratios  of  3  to 
5,  as  well  as  very  strongly  depolarizing  PSCs  of  type  2  with  backscatter  ratios 
of  up  to  120  in  parallel  and  1600  in  cross  polarization.  PSCs  formed  on  17  days 
over  the  lidar,  most  of  them  in  January,  a  few  in  February,  and  one  in  March 
1997.  The  altitudes  of  the  PSCs  ranged  from  18  to  29  km.  All  of  the  “warm 
air  PSCs  occurred  when  the  windfield  in  the  troposphere  excited  leewaves  at 
the  Scandinavian  mountains  which  could  propagate  up  to  the  stratosphere  and 
lower  atmospheric  temperatures  on  a  regional  scale. 
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J.B.  Renard  (1) ,  S.  Payan  (3),  C.  Camy-Peyret  (3),  T.  Hawat  (3),  D. 
Huguenin  (4),  P.  Jeseck  (3),  H.  Kanzawa  (5),  F.  Lefevre  (6),  M.  Pirre 
(1,  2),  C.  Robert  (1),  and  Y.  Sasano  (5) 

(1)  LPCE-CNRS,  3 A  av.  recherche  scientifique,  45071  Orleans,  France; 

(2)  Orleans  University,  Orleans,  France;  (3)  LPMA,  PARIS  VI 
University,  Paris,  France;  (4)  Geneva  Observatory,  Sauvemy, 
Switzerland;  (5)  NIES,  Environment  Agency,  Tsukuba,  Ibaraki  305, 
Japan;  (6)  CNRM  /  Meteo-France,  Toulouse,  France. 

Measurements  of  N02  were  performed  on  February  26,  1997  by  the 
balloon-borne  instruments  LPMA  and  AMON  before  sunset,  at  sunset 
and  at  midnight,  during  the  ILAS  validation  campaign  at  Kiruna  (North 
Sweden).  Vertical  profiles  have  been  obtained  at  very  close  location 
inside  the  polar  vortex.  These  profiles  will  be  compared  to  ILAS 
measurements  of  N02  performed  also  at  the  same  date. 

The  data  allows  to  study  the  diurnal  variation  of  N02.  The 
measurements  will  be  compared  to  outputs  of  modelling  works  (box 
model  and  CTM  3-D  model),  taking  into  account  ozone,  chlorine  and 
aerosol  measurements  also  performed  by  the  instruments.  In  particular, 
the  existence  of  N02  below  23  km  inside  the  aerosol  layer,  where 
modelling  works  predict  zero  value  of  N02  mixing  ratio,  will  be 
discussed. 
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The  total  ozone  distribution  in  the  polar  area  is  a  very  informative  indicator  of 
the  performance  of  a  3-D  photochemical-transport  model  because  it  reflects  the  ability  of 
the  model  to  treat  both  dynamics  and  photochemistry  in  the  atmosphere.  On  the  other 
hand,  the  observations  by  TOMS  provide  a  dataset  that  can  be  used  for  detailed  validation 
of  the  simulated  data.  Accordingly,  to  estimate  how  successfully  the  total  ozone 
distribution  can  be  simulated,  a  numerical  experiment  with  the  3-D  UIUC  Atmospheric 
Chemical  Transport  model  has  been  carried  out  for  1993.  In  this  simulation  the 
distributions  of  trace  gases  are  calculated  with  the  model  driven  by  circulation  fields 
acquired  from  the  UKMO  dataset  for  1993.  A  3-year-long  steady-state  model  run  has 
been  performed  and  the  distribution  of  total  ozone  is  compared  with  daily  TOMS  data  for 
1993.  The  comparison  of  the  simulated  and  observed  total  ozone  fields  shows  that  the 
locations  of  the  areas  with  high  and  low  total  ozone  are  simulated  rather  well.  This  means 
that  the  treatments  of  the  chemistry  and  transport  in  the  mode!  are  correct,  and  that  the 
UKMO  winds  are  very  close  to  the  true  meteorological  fields  in  1993.  The  magnitude  of 
the  simulated  total  ozone  field  is  slightly  different  from  the  observations  and  further 
improvement  of  the  model  is  necessary  to  describe  more  accurately  the  destruction  of 
ozone  in  the  troposphere. 


TRANSPORT  RELATED  03  VARIATIONS  DURING  THE  AIRBORNE  PO¬ 
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Reverse  Domain  Filling  Trajectories  (RDFT)  analyses  have  been  performed 
at  the  University  of  L’Aquila  during  the  APE  campaign  to  follow  the  vortex 
boundary  movements  and  to  obtain  high  resolution  tracer  fields  used  to  exam¬ 
ine  the  structure  of  the  filaments  eroded  from  the  polar  vortex  edge.  Focusing 
on  the  flights  of  23/12/96,  when  the  M55  Geophysika  flew  out  of  the  vortex  ana 
across  large  filaments  of  inner-vortex  and  mid-latitude  air,  and  29/12/96  and 
31/12/96,  when  a  major  intrusion  of  low  latitude  air  into  the  vortex  occurred, 
filament  morphologies  has  been  simulated  and  compared  with  03  data  from 
the  ECOC  instrument  onboard  the  M55.  Similar  filament  morphologies  can  be 
found  in  tracers  fields  simulated  for  the  same  cases  with  SLIMCAT  Chemistry 
and  Transport  Model  (CTM)  operating  at  the  University  of  Cambridge.  Cou¬ 
pled  run  and  intercomparisons  between  RDFT  and  CTM  calculation  has  been 
performed  to  understand  our  ability  in  reproduce  the  filament  characteristics. 
Origin  and  characteristics  of  the  global  patterns  responsible  for  the  observed 
03  variations  and  reconstructed  filament  morphologies  will  be  discussed. 
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Surface  ozone  variations  were  measured  at  Svalbard  (78  N)  in  August  1995  by 
Russian  chemiluminescent  ozone  analyser  AM-01.  The  surface  ozone 
measurements  were  supported  by  ozone  total  content  measurements  with  help 
of  Russian  M-124  filter  ozonometer  and  were  compared  with  some 
meteorological  parameters.  It  was  shown  that  the  usual  mean  surface  ozone 
concentration  is  equal  to  about  30  ppb  and  does  not  deraostrate  any  diurnal 
course.  Rapid  surface  ozone  depletions  up  to  80%  with  duration  from  ten 
minutes  to  some  hours  and  one  intense  enhancement  of  120%  value  lasting 
about  ten  hours  were  discovered.  A  physical  interpretation  of  such  variations  in 
terms  of  local  topographically  induced  wind  system  which  brings  high  bromine 
concentrations  from  surface  sea  water  was  suggested. 
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On  the  basis  of  the  monthly  mean  total  ozone  data  for  nine  stations  of  Northen 
Europe  for  the  period  of  1957-1995  simple  regression  analysis  of  the  connection 
between  wintertime  interannual  variations  of  the  ozone  and  the  sunspot  numbers  is 
conducted  For  the  investigation  the  ozone  data  have  been  grouped  according  to  the 
phases  of  the  QBO.  Simple  regression  analysis  shows  that  the  positive  (negative) 
connection  between  the  ozone  and  the  solar  activity  is  observed  during  the  westerly 
(W)  (easterly  (E»  QBO  phases.  Results  show  that  the  influence  of  the  1 1-year  solar 
cycle  makes  1,1%,  7,4%,  35,2%,  35,6%  of  interannual  variability  of  the  total  ozone 
over  the  region  in  months  from  December  to  March  for  the  W  QBO  phase.  For  the 
E  QBO  phase  this  influence  makes  respectively  1,7%,  2,4%,  36,0%  and  8,7%  of  the 
ozone  variability.  For  the  explanation  of  the  obtained  results  simple  regression 
analysis  between  the  stratospheric  indexes  (30  hPa)  over  the  region  and  the  sunspot 
numbers  is  conducted  Regression  model  shows  the  similar  dependencies  as  at  the 
analysis  of  the  Solar-Ozone  relationship.  As  regression  models  applied  for  the 
ozone  and  for  the  indexes  of  stratospheric  circulation  over  the  region  demonstrate 
similar  results  then  it  may  be  supposed  that  the  Solar-Polar  Ozone  relationship  is 
executed  through  the  Solar-Stratospheric  Dynamics  relationship. 
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Using  the  monthly  mean  data  of  total  ozone  in  months  from  December  to  March  for 
the  period  1957-1995  for  Northen  Europe  stations  the  joint  Solar/QBO  effect  on 
ozone  variations  is  investigated  Correlation  analysis  conducted  on  condition  that 
the  data  were  divided  according  to  the  westerly  (W)  and  easterly  (E)  QBO  phases 
shows  positive  (negative)  correlation  between  the  ozone  and  the  solar  activity 
during  the  W  (E)  QBO  phases.  The  highest  correlations  are  obtained  for  February 
(r  =  0,63  and  r  «  -0,59  for  the  W  and  E  QBO  phases).  To  examine  these  statistical 
results  all  the  ozone  anomalies  that  exceed  the  standard  deviation  for  a  given 
month  have  been  compared  with  solar  activity.  The  comparison  shows  that  almost 
all  the  ozone  anomalies  in  February  are  in  accordance  with  abovementioned 
statistical  dependency.  A  correlation  analysis  conducted  for  the  investigation  of  the 
connection  between  the  stratospheric  dynamics  indices  over  the  region  and  the 
sunspot  numbers  demonstrates  similar  results  to  ones  for  the  Solar  -  Ozone 
relationship  but  in  reverse  ratio  (for  February  r  -  -0,65  and  r  =  0,59  for  the  W  and 
E  phases).  As  close  connection  between  the  indices  and  ozone  variations  (r  = 
-0,70  for  February)  is  revealed  then  it  may  be  concluded  that  the  Solar  -  QBO  - 
Polar  Ozone  relationship  is  executed  through  the  stratospheric  circulation. 


THE  THERMAL  STRUCTURE  OF  THE  ANTARCTIC  LOWER 
STRATOSPHERE  BEFORE  AND  AFTER  THE  DETECTING  OF  THE 
OZONE  HOLE 
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First  results  of  an  investigation  upon  the  development  of  the  thermal  structure  of 
the  lower  stratosphere  of  the  southern  polar  region  in  dependence  of  ozone  are 
shown. 

From  the  reanalysis  datasets  of  NCAR/NCEP  and  ECMWF  meteorological 
parameters  are  taken.  Ozone  data  are  used  from  TOMS  and  additionally 
ozonesonde  data  are  evaluated.  Temperatures  and  zona!  wind  in  different 
stratospheric  pressure  levels  are  applied  to  establish  the  variation  of  the  thermal 
structure  and  the  transition  of  the  winter  to  the  summer  circulation  during  the 
period  of  1979  to  1993.  Undisturbed  „pre-ozone  hole44  years  are  compared  with. 
The  relation  of  ozone  concentrations  and  temperatures  in  a  temporal  and  a 
spactal  kind  and  in  consideration  of  the  polar  circulation  is  described  and 
quantified. 

Periodica!  fluctuations  like  solar  cycle  and  QBO  and  single  events  like  volcanic 
eruptions  are  considered. 


STRATOSPHERIC  ARCTIC  WINTER  PROFILES  OF  N20,  CH*,  H20  AND 
HDO,  MEASURED  BY  MIPAS-B 

M.  Stowasser.  H.  Oelhaf,  G.  Wetzel,  H.  Fischer,  F.  Friedl-Vallon,  G.  Maucher,  M. 
Seefeldner,  O.  Trieschmann,  and  T.  v.  Clannann 

Institut  fUr  Meteoroiogie  und  Klimaforschung,  Forschungszentrum/Universitat 
Karlsruhe,  e-mail:  stowasser®  imk.fzk.de/FAX:  +49-7247-82-4742 

Vertical  profiles  of  CH*  and  H20  inside  the  arctic  vortex  were  retrieved  from 
nighttime  infrared  limb  emission  spectra  measured  by  the  Michelson  Interferometer 
for  Passive  Atmospheric  Sounding,  Balloonbome  version  (MIPAS-B)  instrument 
from  Kiruna  (Sweden,  68°N)  on  February  11,  1995  and  March  24,  1997.  The 
results  of  the  February  flight  show  a  peak  mixing  ratio  of  nearly  7.0  ppmv  H20  at 
17.1  hPa  and  a  minimum  of  3.6  ppmv  H20  at  137.5  hPa  corresponding  to  28  km 
and  13.2  km  altitude.  The  analysis  of  the  March  flight  shows  a  similar  profile,  but 
the  vertical  gradient  is  less  pronounced.  The  total  hydrogen  budget  of  the 
stratosphere  has  been  examined  by  evaluating  the  quantity  [H]  ~  [H20]  +  2  [CHiJ. 
A  mean  mixing  ratio  of  [H]  is  calculated  from  the  data  revealing  high  values  of 
around  7.25  ppmv  for  both  flights.  A  compact  correlation  between  CH*  and  N20 
was  also  deduced  from  the  measurements.  From  the  spectra  of  the  February  flight  a 
vertical  mixing  ratio  profile  of  HDO  has  been  inferred,  too.  The  deuterium  to 
hydrogen  ratio  (D/H)  of  water  vapor  shows  a  strong  depletion  in  comparison  to  that 
of  Standard  Mean  Ocean  Water  (SMOW)  particulary  in  the  lower  stratosphere. 
These  depletion  is  a  hint  of  a  possible  dehydration  by  PSC  particles  which  occurs  at 
a  lower  altitude  than  that  of  the  denitrification  measured  on  the  same  flight. 


STRATOSPHERIC  CHEMISTRY  MODELLING:  RESULTS  OF 
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A  stratospheric  chemistry  routine  is  developed  and  tested  in  a  box  model.  The 
routine  contains  43  species  and  154  reactions,  of  which  29  photolysis  reactions 
and  18  heterogeneous  reactions  on  ice,  NAT  and  liquid  aerosol.  As  a  numerical 
solver  Euler  Backward  Iterative  is  used,  taking  a  40  minute  timestep  and  10 
iterations.  This  new  routine  is  examined  with  the  help  of  idealized  trajectories 
and  a  previously  validated  box  model. 

The  chemistry  routine  is  then  implemented  in  a  three-dimensional  chemistry 
transport  model,  TM3.  This  model  is  forced  by  analyzed  ECMWF  wind  and 
temperature  fields.  Results  are  compared  with  ozone  sonde  measurements  and 
other  balloon-  borne  and  aircraft  measurements,  which  were  carried  out  in  the 
SESAME  winter,  1994-’95. 
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It  has  been  considered  the  ozone  changes  on  the  base  ot  ozonesonding 
obtaining  data  from  the  German  balloon  station  G.  Foster  (70*  46 
South  ,  11 °50’  East)  for  die  period  1985-1991.  These  data  are 
compared  with  the  derived  results  from  die  Prussian  station  Mimii 
(66°  33’  South  ,  93  °0U  East).The  main  statistical  characteristics  of 
vertical  profiles  are  presented  .A  special  attention  is  paid  to  Hie  Spring 
reduction  of  die  ozone  content  during  October-November.Aflei  die 
detailed  analysis  it  is  concluded  diat  the  chemical  ozone  loss  in  spring 
is  significantly  controlled  by  dynamical  processes.  This  dynamical 
control  is  understood  as  a  natural  impact  on  the  polar  ozone  depletion 
As  it  can  be  shown  die  strong  circumpolar  vortex  circulation  weakens 
the  advection  of  air  towards  polar  latitudes. 
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CAN  INCREASED  UV  RADIATION  CAUSE  SURFACE  OZONE  EPISODES? 
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A  case  study  is  presented  which  shows  a  remarkable  coincidence  of  very  low  total 
ozone  and  high  near-surface  ozone  concentrations  (>60  ppb)  in  Switzerland  in- 
February  1993,  lasting  one  week.  The  meteorological  situation  changed  little  during 
this  period,  and  a  highjpressure  system  provided  good  conditions  for  photochemistry 
on  a  regional  scale.  The  reason  for  the  low  total  ozone  probably  is  anomalous 
stratospheric  circulation  and  a  chemical  effect  of  Pinatubo  aerosols. 

Total  ozone  contains  information  about  the  tropospheric  circulation  which  is  an 
important  influence  on  surface  ozone  concentrations  in  winter.  However,  it  can  be 
shown  that  during  the  episode  surface  ozone  concentrations  depended  largely  on 
photochemical  ozone  destruction  (at  the  high-alpine  site  Jungfraujoch,  3580  m  asl, 
with  -0.05  ppb  NOx)  or  production  (at  the  elevated  site  Chaumont,  1140  m  asl,  with 
74  ppb  NOx)  while  transport  was  weak.  The  mean  diurnal  ozone  cycles  show  an 
increase  of  ozone  concentration  at  Chaumont  and  a  decrease  at  Jungfraujoch  during 
the  afternoon  hours.  The  amplitude  at  Chaumont  is  8  ppb  which  is  comparable  to 
summer  conditions.  Such  a  strong  photochemical  activity  is  not  expected  in  late 
winter.  As  ozone  production  at  Chaumont  at  that  time  is  limited  by  solar  radiation 
rather  than  by  precursor  concentrations,  the  strong  photochemical  activity  is  pro¬ 
bably  due  to  enhanced  radiation.  This  can  be  caused  by  two  effects:  the  back- 
scattering  at  a  fog  layer  and  the  increased  UV  radiation  due  to  low  total  ozone.  The 
latter  influence  can  roughly  be  estimated.  Compared  to  normal  conditions,  the  30% 
negative  deviation  of  total  ozone  observed  (243  DU)  leads  to  an  increase  of  ozone 
photolysis  of  up  to  80%.  It  is  suggested  that  in  this  extraordinary  case  increased  UV 
radiation  lead  to  increased  photochemical  activity  and  caused  an  early  surface  ozone 
episode. 


UV-B  RADIATION  AND  OZONE  BEHAVIOUR  AT  ROME 
STATION  IN  THE  RECENT  SIX  YEARS 
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It  is  well  known  that  the  total  ozone  depletion  is  the  main  factor 
influencing  the  changes  in  solar  UV  irradiance  at  the  earth’s  surface. 
At  the  midlatitudes  an  ozone  decline  associated  to  UV-B  increase  was 
observed  (Kerr  and  McElroy,  1993;  Zerefos  et  al.,  1995;  Seckmeyer 
and  McKenzie,  1992). 

The  solar  UV-B  (290-325nm)  irradiance  and  daily  total  ozone  data 
have  been  collected  by  Brewer  spectrophotometry  at  Rome  station 
since  1992.  The  below  normal  ozone  episodes  during  the  period  1992- 
1998  are  derived  from  the  comparison  between  actual  data  and  ozone 
long  time  series.  The  UV-B  daily  irradiances  are  analysed  taking  in 
account  various  atmospheric  influences,  such  as  cloud  cover,  turbidity 
and  ozone  content.  Fluctuations,  trends  and  anomalies  in  UV-B  series 
are  described  and  considered  as  a  function  of  various  temporal  scales 
and  dominating  factors. 


THE  DEPENDENCE  OF  THE  SOLAR  UV-B  RADIATION  ON  TOTAL 
OZONE  AND  SOLAR  ZENITH  ANGLE 
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The  contribution  reports  on  an  analysis  of  solar  UV-B  radiation  measurements 
made  by  RB-Biometers  simultaneously  in  two  locations:  Hradec  Kr&Iov6  (285  m 
a.s.l.)  and  MileSovka  (836  m  a.s.l.).  The  analysis  of  the  series  of  10-minute  sums 
obtained  during  one  year  (96/8  -  97/7)  is  focused  on  (i)  comparison  of  the 
UV-B  radiation  regime  in  the  two  locations,  and  (ii)  determining  the 
dependence  of  UV-B  radiation  on  total  ozone  and  solar  zenith  angle.  Using  the 
regression  relations  determined  in  the  latter  step,  the  changes  in  local  UV-B 
radiation  climatology  due  to  changes  in  total  ozone  will  be  deduced. 

The  analysis  is  made  within  the  frame  of  a  joint  grant  project  of  the 
Czech  Hydrometeorological  Institute  and  Institute  of  Atmospheric  Physics.  The 
project  aims  at:  (i)  monitoring  of  biologically  active  UV-B  solar  radiation, 

(ii)  assessment  of  relations  between  total  ozone  and  UV-B  radiation,  and 

(iii)  creation  of  the  information  system  for  operative  reports  on  UV-B  levels  and 
exposure  times  recommended  for  population. 
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Quasibiennial  oscillations  {QBO)  of  the-ozone  concentration  and  temperature, 
which  occure  in  phase  with  the  quasibiennial  variations  of  the  solar  ultraviolet 
are  discussed.  Physical  mechanism  for  ozone  influence  on  QBO  of  equatorial 
east-west  stratospheric  zonal  wind  are  proposed.  These  winds  are  transfered  to 
the  troposheric  heights  with  turbulent  diffusion  and  can  influence  on  the  dy¬ 
namic  of  atmosphere.  Thus  the  solar  activity  controls  the  origin  of  atmospheric 
circulation  with  QBO  period.  This  can  explain  the  initiation  of  some  plane¬ 
tary  atmospheric  events  in  particular  EN SO,  which  varies  with  doubl e-QBO 
period. 
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The  effect  of  changes  in  the  solar  radiation  on  the  chemistry  of  the 
troposphere  has  been  investigated  for  a  wide  range  of  concentrations 
of  hydrocarbons  and  nitrogen  oxides,  which  covers  many  possible 
cases  from  clean  to  strongly  polluted  areas.  Such  changes  of  radiation 
might  be  caused  by  a  reduction  of  the  stratospheric  ozone  layer  or  by 
the  variability  of  the  atmospheric  aerosol  content.  Model  calculations 
were  performed,  which  show,  that  the  concentrations  of  atmospheric 
oxidants  like  ozone,  hydrogen  peroxide,  nitric  acid  or  PAN  increase 
with  stronger  ultraviolet  radiation  in  most  cases. 
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LONG-TERM  CHANGES  OF  THE  SURFACE  UV 
RADIANCE  AT  BELSK,  POLAND,  1966-1996 
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The  measurements  of  the  daily  UV  dose  by  means  of  the  Brewer  spec¬ 
trophotometer  (1993-1996)  and  the  Robertson  Berger  meter  (1976- 
1992)  are  combined  to  form  the  time  series  of  the  monthly  means  of 
the  UV  daily  dose  (erythemally  weighted)  for  the  1976-1996  period. 
The  UV  time  series  for  the  1966-1976  period  is  reconstructed  based 
on  the  statistical  model  using  the  measured  values  of  total  ozone  and 
global  sun  radiation  (used  as  a  proxy  for  the  cloud  and  aerosols  ef¬ 
fects  on  the  UV)  as  the  UV  predictors.  The  reconstructed  UV  data 
for  the  1966-1976  period  shows  a  downward  tendency.  It  seems  that 
the  global  radiation  changes  influence  mainly  the  UV  level  in  that 
period.  An  increase  in  the  UV  dose  of  about  6%  per  decade  (statis¬ 
tically  significant)  is  forced  by  the  total  ozone  depletion  (about  4% 
per  decade)  over  Belsk  in  the  1976-1996  period.  The  long-term  vari¬ 
ations  of  the  UV  dose  based  on  the  model  running  for  the  1976-1996 
period  are  almost  the  same  as  those  from  the  measurements.  This 
suggests  that  the  long-term  changes  in  other  the  UV  forcing  factors 
(e.g.  ozone  profile,  optical  characteristics  of  the  clouds  and  aerosols) 
do  not  affects  the  UV  trend  significantly. 


Maximum  UV-Levels  Measured  on  Alpine  Radiation  Stations 
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In  the  Swiss  Alps  UV-radiation  is  continuously  measured  at  the  radiation  stations 
Davos  (1610  m  a.s.l),  Weissfluhjoch  (2540  m  a.s.1.)  and  Jungfraujoch  (3580  m  a.s.l.). 
UV-measurements  are  based  on  erythemally  weighted  UV-Biometers  which 
predominately  measure  UV-B  radiation,  and  broadband  filter  instruments  measuring 
the  UV-A  part  of  the  spectrum.  Three  UV-Biometers  measure  direct,  diffuse  and 
global  UV-B  components  and  are  periodically  exchanged  and  calibrated.  At  Davos 
and  Weissfluhjoch  an  instrument  with  a  2  pi  full  view  angle  is  mounted  on  a  solar 
tracker  to  measure  maximum  UV-B  radiation  normal  to  the  sun.  Ground  reflected 
components  are  measured  at  the  station  Weissfluhjoch.  Analysis  of  measurements 
from  the  last  two  years  focus  on  maximum  UV  levels  for  the  different  components. 
Clear  sky  maximum  levels  are  compared  to  broken  cloud  cases  for  different 
integratiorf  times.  2  pi  full  view  angle  measurements  for  different  solar  zenith  angles 
are  compared  with  respect  to  the  orientation  of  the  instruments,  for  snow  covered 
(winter)  and  uncovered  (summer)  surfaces. 
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VOLKANIC  ERUPTIONS  IMPACT  ON  ULTRA  VIOLET  RADIATION  REGIM 
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The  response  results  of  all  UV  flux  radiation  components  (direct,  actinic,  upward, 
downward)  in  polar,  middle  and  tropical  latitudes  on  volcanic  aerosols  presense  in 
the  atmosphere  after  Penatubo  and  A1  Chichon  eruptions  are  presented  in  the  report. 
For  influence  estimation  of  aerosols  distribution  fme  structure  the  new  model  of  UV 
radiation  fluxes  counting  was  developed.  The  model  uses  Edington  delta  method 
for  approximate  radiation  transfer  equation  solution  and  high  precise  matheatical 
apparatus  for  providing  high  altitude  (to  1  meter)  and  wave  length  (  to  0.01  ran) 
resolutions  and  automatical  fine  structure  searching.  This  model  takes  into  account 
Rayleight  and  many-times  scattering,  ozne,  aerosol  and  cloudiness  delution  and 
layer  surface  reflection. 

In  the  report  the  dependance  of  altitude  structure  and  stectral  distribution  of  our 
flux  components  transformation  on  volcanic  aerosol  distribution  in  middle  and  polar 
latitudes  were  analysed.  The  most  interesting  dependances  are  observed  in  the 
upward  radiation  spectral  behaviour  normed  on  the  undisturbed  radiation  level. 
Upward  flux  responce  on  ozone  change  after  eruption  appear  in  local  spectral 
maximum  situated  in  the  spectral  areas  303  run,  25%  (tropics),  312  nm  ,  13% 
(middle)  and  320  nm,  12%  (polar)  for  Penatubo  eruption. 


IMPACT  OF  OZONE  PROFILE  ON  THE  SURFACE 
UV  RADIATION:  ANALYSES  OF  THE  UMKEHR  AND 
UV  DATA  TAKEN  AT  BELSK,  POLAND,  1976-1996 
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Warsaw,  Poland,  januszj&igf.edu.pl/Fax:  +48-22-370522 

The  trend  analysis  of  the  monthly  means  of  surface  UV  daily  doses 
(erythemally  weighted)  reveals  an  increase  of  the  UV  level  at  Belsk, 
Poland,  of  about  6%  ±  1.3%  per  decade  since  January  1976.  An  im¬ 
pact  of  the  ozone  profile  changes  on  the  UV  irradiances  at  the  ground 
level  is  studied  based  on  the  Umkehr  data.  Temporal  variations  of 
the  ratio  of  the  ozone  content  in  Umkehr  layers  1-4  (about  0-23km) 
and  that  in  Umkehr  layers  5-10  (about  23-48km)-is  used  as  an  index 
of  the  ozone  profile  changes  over  Belsk.  The  1976-1996  trend  in  the 
ratio  is  -5.2%  ±  1.4%  per  decade  suggesting  the  stronger  ozone  de¬ 
pletion  in  the  lower  stratosphere  than  that  in  the  upper  stratosphere. 
Both  the  statistical  model  (regression  of  the  UV  monthly  dose  on 
monthly  means  of  total  ozone,  global  sun  radiation,  and  the  above 
mentioned  ratio)  and  the  radiative  transfer  model  (LOWTRAN  7) 
show  that  the  ozone  profile  changes  over  Belsk  influence  only  slightly 
the  long-term  variations  of  the  surface  UV  radiation  there. 


USING  SATELLITE  MEASUREMENTS  FROM  GOME  FOR  THE 
ESTIMATION  OF  THE  UV  IRRADIANCE  AT  THE  EARTH’S 
SURFACE 

P.  Peeters  (1),  J.-F.  Muller  (1),  P.C.  Simon  (1),  E.A.  Celarier  (2)  and  J.R. 
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We  present  some  preliminary  results  of  global  UV  fields  estimation  at  the 
Earth’s  surface  computed  using  data  from  the  GOME  instrument.  A  first  simple 
model  is  used  to  test  the  best  strategy  for  implementing  the  cloud  modelling.  It 
relies  heavily  on  the  cloud  coverage  estimation  from  GOME  (ICFA  and  PMD 
measurements).  A  second,  more  accurate  model  will  include  the  best  approach 
and  will  be  derived  from  the  algorithm  developed  for  the  TOMS  instrument  by 
NASA/GSFC. 


SNOW  AND  CLOUDS  EFFECTS  ON  THE  ERYTHEMAL  UV  RADIA¬ 
TION.  ANALYSIS  OF  SWISS  MEASUREMENTS  AND  MODELIZATION 
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(2)  World  Radiation  Center,  Davos,  Switzerland 

(3)  Swiss  Meteorological  Institute,  Payeme,  Switzerland 
anne  @  atmos.umnw.ethz.ch 

Direct,  diffuse  and  global  erythemal  UV  radiation  are  continuously  measured  at 
Davos  (1610  m  a.s.l)  and  Payeme  (490  m  a.s.l.)  by  using  UV-Biometers  (Solar 
Light  Co,  model  501).  This  data  set  and  a  radiative  transfer  model  (two-stream 
TUV)  are  used  to  estimate  the  effect  of  a  snow  covered  surface  as  well  as  of  a  cloud 
cover  on  the  erythemal  UV  radiation. 

In  the  presented  analysis,  the  data  at  Davos  from  May  95  to  April  96  were  normal¬ 
ized  to  a  constant  total  ozone  amount  (300  DU)  and  constant  distance  sun-earth 
(1AU)  to  avoid  any  influence  of  these  factors. 

The  clear  sky  radiation  in  case  of  a  snow  covered  surface  (winter)  is  found  to  be 
20-30%  higher  than  without  snow  (summer),  with  an  enhancement  increasing  with 
increasing  zenith  angle  (40-60').  The  snow  effect  for  winter  aerosol  conditions  is 
estimated  by  using  the  radiative  transfer  model.  The  attenuation  due  to  a  cloud 
cover  is  estimated  for  snow  covered  surfaces  and  snow  free  surfaces.  The  average 
attenuation  is  found  to  be  60-64%  for  a  snow  free  surface,  and  50-56%  for  a  snow 
covered  surface.  The  radiative  transfer  model  is  used  to  get  an  estimation  of  the 
optical  depth  of  the  cloud  cover. 
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RELATIONSHIPS  BETWEEN  THE  ATTENUATION  OF  SURFACE  UV 
IRRADIANCE  AND  THE  RADIATIVE  PROPERTIES  OF  THE 
SATELLITE-DERIVED  CLOUD  FIELD. 

K.  Tourpali(l),  G.  TseIioudis(2),  A.  Vassaras(l),  A.  F.  Bais(l)  and  C.  S.  Zerefos(l) 

(1)  Laboratory  of  Atmospheric  Physics,  Aristotle  University  of  Thessaloniki,  Greece, 

(2)  NASA/GISS,  Columbia  University,  New  York,  USA  tourpali@ccf.auth.er/Fax +30 
31  248602 

Cloud  observations  from  the  International  Satellite  Cloud  Climatology  (ISCCP) 
dataset  are  combined  with  spectral  and  broadband  surface  UV  irradiance 
measurements  to  study  the  effect  of  varying  cloud  radiative  properties  on  solar 
radiation  received  at  the  ground.  From  the  satellite  observations,  cloud  cover,  cloud 
optical  thickness,  and  cloud  top  pressure  are  retrieved  and  are  used  to  derive 
radiometric  definitions  of  cloud  type.  The  global  irradiance  data  are  then  correlated 
with  the  radiative  properties  of  the  cloud  field,  and  the  relationships  between  cloud 
type  and  the  attenuation  of  surface  UV  irradiance  are  examined.  In  parallel,  the 
satellite  data  are  compared  with  conventional  cloud  observations  from  local 
meteorological  stations  to  investigate  the  differences  of  the  two  methods  and  their 
suitability  for  use  in  solar  radiation  studies.  The  UV  irradiance  data  used  in  this  study 
are  obtained  from  a  Brewer  spectroradiometer  operating  at  Thessaloniki  and  from  the 
network  of  broadband  detectors  of  the  University  of  Thessaloniki,  covering  a  wide 
area  over  Greece.  The  analysis  is  done  for  two  months,  one  in  the  summer  and  one  in 
the  winter  season. 


ST15  Atmospheric  ozone  (co-sponsored  by  OA) 

Convener:  Hirschberg,  M.-M. 

04  Tropospheric  ozone  with  emphasis  on 
the  Mediterranean  region 

Convener:  Varotsos,  C. 


Free  tropospheric  ozone  variations  at  Athens,  Greece 
D.  Alexandra 

Ozone  Observatory,  33  Ippokratus  Str.,  106  80  Athens,  Greece 

Many  uncertainties  still  exists  concerning  the  stratosphere-troposphere  exchange 
(STE)  of  ozone.  STE  mainly  occurs  during  the  mid-latitude  tropopause  foldings  as 
well  as  during  cut-off  low  events.  In  the  present  study  the  stratosphere-troposphere 
ozone. -Exchange  over  Athens,  Greece,  during  the  period  from  1991  to  1997  is 
examined  in  relation  to  the  presence  of  a  cut-off  low  pressure  system  in  the  upper 
troposphere  or  a  possible  tropopause  folding,  when  the  station  is  close  to  the  flank  of 
an  upper  level  trough.  For  this  examination,  the  ozonesounding  data  during  the  above 
mentioned  period  are  used  along  with  the  corresponding  prevailing  meteorological 
situation. 


Tropospheric  ozone  contribution  to  surface  warming  at  Athens,  Greece 
D.  Alexandris 

Ozone  Observatory,  33  Ippokratus  Str.,  106  80  Athens,  Greece 

The  atmospheric  greenhouse  effect  and  its  contribution  to  global  climate  change  are  of 
groat  importance  the  last  decades.  The  tropospheric  ozone  as  a  greenhouse  gas  has  a 
significant  role  to  the  overall  greenhouse  effect  In  this  study  an  estimation  of  the 
greenhouse  effect  over  Athens,  Greece,  as  deduced  from  satellite  data  up  to  1992  and 
the  contribution  of  tropospheric  ozone  is  attempted.  Additionally,  the  trend  of 
tropospheric  ozone  is  examined  for  the  time  period  1992-1997  in  order  to  assess  its 
contribution  to  the  atmospheric  greenhouse  effect  up  to  1997. 


SHORT  AND  LONG  TERM  VARIABILITY  OF  THE  VERTICAL 
OZONE  PROFILE  IN  THE  MEDITERRANEAN  REGION 
G.Ancellet  and  M.  Beekmann 
Service  d’Aeronomie  du  CNRS,  Paris,  France. 
gerard.ancell«tCa«ro. jussieu.fr/Fax:  [33]  1  44  27  37  76 

The  impact  of  Mediterranean  emissions  on  free  tropospheric  ozone  will  be  dis¬ 
cussed  using,  on  one  hand,  a  study  of  a  long  term  time  serie  of  ozone  profiles 
measured  at  the  Observatoire  de  Haute  Provence  (OHP)  in  Southern  France, 
and  on  the  other  hand,  a  vertical  cross  section  of  ozone  measured  in  September 
1996  along  the  East  coast  of  Greece.  The  OHP  time  serie  shows  no  positive 
trend  of  the  yearly  ozone  mean  during  the  80’s,  but  a  significant  change  of 
the  seasonal  variation  consistent  with  increased  photochemical  production  in 
the  summer.  The  importance  of  photochemistry  is  confirmed  by  the  absence 
of  a  significant  change  in  the  strength  of  stratospheric  ozone  transport  to  the 
troposphere.  The  discussion  of  this  climatological  analysis  will  include  a  presen¬ 
tation  of  the  data  validation  procedure  which  is  mandatory  for  such  a  study.  In 
order  to  illustrate  the  importance  of  Mediterranean  emissions  on  ozone  in  the 
free  troposphere,  an  example  of  an  ozone  rich  layer  transported  from  Spain  to 
Greece  will  be  discussed  using  airborne  lidar  measurements  and  meteorological 
analysis. 
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STUDY  OF  THE  OZONE  SINK  ONTO  ULTRAFINE  AEROSOL 
PARTICLES. 


EARLY  SPRING  OZONE  EPISODES:  OCCURRENCE  AND  CASE  STUDY 
Stefan  Bronnimann,  Institute  of  Geography,  Hallerstr.  12, 3012  Bern,  Switzerland 


M. Yu.  Arshinov  (1),  and  T.K.Sklyadneva  (1) 

(1  institute  of  Atmospheric  Optics,  Tomsk 
michael@lop.  tomsk.su/Fax: +7(3 822 >259086 

Since  both  the  ozone  and  aerosols  are  veiy  important  atmospheric  contaminating 
components,  and  taking  into  account  that  ozone  can  promote  the  formation  of 
aerosol  particles  and,  on  the  other  hand,  aerosol  particles  can  cause  ozone 
destruction  the  investigation  of  the  interrelation  between  these  components  very 
important  for  the  interpretation  of  their  transformation  in  the  atmosphere.  For  the 
most  part,  information  on  this  problem  is  based  on  the  data  obtained  during 
experiments  carried  out  under  laboratory  conditions.  In  this  paper  we  try  to 
estimate  the  ozone  sink  based  on  the  data  obtained  dtfring  measurements  of  ozone 
and  aerosol  concentrations  in  the  real  atmosphere.  In  1993  in  the  framework  of 
TOR  project  (EUROTRAC  programme)  the  station  for  ozone  monitoring  (TOR- 
station)  has  been  constructed  in  the  Institute  of  Atmospheric  Optics  (Tomsk).  All 
measurements  of  ozone  concentration  are  accompanied  with  measurements  of  all 
standard  meteorological  quantities.  In  1996  a  diffusion  battery  was  include  to  the 
measurement  complex  of  this  station.  It  allowed  us  to  measure  a  number 
concentration  of  aerosol  particles  in  the  3  to  200  nm  diameter  range.  As  a  result  of 
these  measurements  we  have  obtained  continuous  series  of  ozone  concentration  and 
aerosol  size  distribution  in  the  surface  boundary  atmospheric  layer  near  Tomsk. 
The  rate  of  the  ozone  sink  onto  ultrafine  aerosol  particles  is  estimated. 


In  Switzerland,  near-surface  ozone  concentrations  exceed  60  ppb  for  the  first  time  of 
the  year  often  already  in  February.  Elevated  rural  sites  (Chaumont,  1140  m  asl,  Rtgi, 
1030  m  ash  first  show  these  ozone  peaks.  They  are  sited  600-700  m  above  tne  Swiss 
Plateau,  which  can  form  at  that  time  a  pool  of  cold,  NOx-nch  air.  Later,  in  April,  ru¬ 
ral  lowland  stations  also  show  high  peaks,  while  elevated  sites  already  have  monthly 
means  of  up  to  50  ppb.  Ozone  peaks  above  60  ppb  in  early  spring  (Fcb-Apr,  1992- 
1997)  typically  occur  in  episodes  of  several  days  with  high  solar  radiation  and  air 
temperature  maxima  above  6  °C.  The  corresponding  NOx  daytime  mean  at  elevated 
sites  is  5-10  ppb,  which  is  close  to  the  optimum  concentration  for  ozone  production. 
While  in  the  lowland,  NOx  concentrations  can  be  too  high  for  efficient  ozone  for¬ 
mation,  the  key  limitation  at  elevated  sites  in  early  spring  is  the  solar  radiation. 

On  fair  weather  days  in  early  spring,  the  daily  cycle  of  ozone  concentration  at  eleva¬ 
ted  sites  shows  a  clear  maximum  in  mid-afternoon.  Thermotopograpnic  transport  of 
emissions  from  lowland  sources  influences  the  precureor  concentrations,  however, 
ozone  is  probably  mainly  produced  above  the  lowland  due  to  chemical  limitations. 
More  rarely,  ozone  peaks  occur  after  sunset  or  in  the  early  morning,  indicating 
vertical  or  horizontal  transport,  possibly  in  reservoir  layers.  In  all,  early  spring  ozone 
peaks  are  caused  by  in-situ  photochemical  ozone  formation  rather  than  transport. 

A  case  study  of  16-21  March  1990  shows  a  large  scale  ozone  episode  associated 
with  a  slowly  eastward  moving  high-pressure  system  and  high  temperatures  in  cen¬ 
tral  Europe.  Data  from  sites  aligned  west-east  at  different  eleva  ions  ^Switzerland 
Tyrol,  eastern  Austria,  and  central  Hungary  show  an  increasing  (from  70  to  100  ppb) 
while  slowly  eastward  moving  ozone  peak.  It  is  suggested  that  ozone  was  formed  in 
a  large  area  travelling  1000  km  within  3-4  days  within  the  anticyclone. 

The  study  shows  that  long-lasting  anticyciomc  conditions,  which  were  a  dominant 
feature  in  spring  1996  an<fl997  in  Central  Europe,  can  promote  considerable  photo¬ 
chemical  ozone  formation  on  a  regional  to  large  scale  already  in  early  spring. 


STUDYING  PERIODS  OF  HIGH  OZONE  CONCENTRATIONS  IN  THE 
MEDITERRANEAN  REGION  DURING  A  7-YEAR  PERIOD 

A.  Bastrup-Birk,  J.  Brandt,  and  Z.  Zlatev 

National  Environmental  Research  Institute,  Department  of  Atmospheric  Environment, 
Freriksborgvej  399,  P.O.  Box  358,  DK-4000  Roskilde,  Denmark.  E-mail: 
luabb@sun4.dmu.dk  /  Fax:  +45  4630  1214 

Tropospheric  ozone  is  one  of  the  most  harmful  pollutants  causing  damages  to  human 
health  and  plants.  According  to  the  EU  regulatives  the  population  should  be  informed 
when  the  hourly  values  of  the  ozone  concentrations  are  greater  than  90  ppb.  Moreover, 
warning  must  be  sent  whenever  these  values  exceed  1 80  ppb.  The  damaging  effects  on 
vegetation  depend  on  the  magnitude  of  the  cumulative  ozone  exposure.  Therefore  both 
the  damaging  effects  on  human  health  and  on  plants  must  be  carefully  studied.  The 
long-range  transport  model,  the  Danish  Eulerian  Model  (DEM),  has  been  used  in  this 
work.  Meteorological  data  from  7  consecutive  years,  from  1989  to  1995,  have  been 
used  in  different  scenarios  for  varying  emissions  of  NOx  and  VOC.  Advanced 
visualization  techniques  are  used  to  interpret  this  large  amount  of  digital  data.  The 
model  results  have  been  compared  with  measurements  taken  at  stations  located  in  the 
Mediterranean  region.  Furthermore,  DEM  has  been  coupled  to  the  effect  model 
(TreGro)  in  order  to  determine  the  impact  on  trees.  It  is  shown  that  the  information 
and  warning  threshold  for  the  EU  population,  and  the  cumulative  ozone  exposures  for 
plants  are  highly  exceeded  in  most  of  Europe  and  especially  in  the  Mediterranean 
region. 


ON  THE  ROLE  OF  AIR  POLLUTION  ON  THE  SOLAR  RADIATION 
REACHING  THE  GROUND 

A.  Catsambas l ,  E.  Feretis2,  N.  Sakelariou3,  K.Ya.  Kondratyev4  and  C.Antonioul 

(1)  Photobiological  Unit  of +A.  Syggros;  Hospital,  5  Dragoumi  Str.,  Athens  Greece 

(2)  B  t  Eye  Clinic  of +E.  Stauros;  Hospital,  1  Er.  Staurou  Str.,  Athens,  Greece 

(3 )  National  Observatory  of  Athens,  Lofos  Nimfon,  Thision,  Athens  Greece 

(4)  Russian  Academy  of  Sciences,  St.  Petersburg  Research  Center  for  Ecological 
Safety,  18  Korpusnaya  Str.,  197042  Russia 

Solar  Ultraviolet  Rariation  (UV-A  and  UV-B)  measurements  at  Athens,  Greece  (380N, 
240E)  are  examined  with  respect  to  the  influence  of  photochemical  pollution. 
Furthermore  results  of  UV  irradiance  as  deduced  from  a  simple  parametric  mode!  are , 
compared  with  actual  field  measurements.  The  results  show  that  the  hypothesis  of 
UV-B  depletion  is  significant  at  an  almost  95%  confidence  level.  It  is  also  shown  that 
photochemical  pollution  effect  on  UV-B  is  as  three  times  larger  as  on  UV-A  irradiance 
levels. 


PECULIARITIES  OF  THE  OZONE  FORMATION  IN  THE  BOUNDARY 
LAYER  OF  THE  ATMOSPHERE  OVER  SOME  REGIONS  OF  THE 
FORMER  USSR* 

B.D.Belan(I).  G.O.Zadde(l,2),  and  G.N.Tolmachev(l) 

(1)  Institute  of  Atmospheric  Optics  SB  RAS,  Tomsk,  (2)  Tomsk  State  University 
belan@lop.tomsk.su 

Since  1988  till  1991  the  Institute  of  Atmospheric  Optics  has  carried  out  regular 
airborne  sounding  of  ozone  over  the  whole  territory  of  the  Former  USSR  in  the 
lower  troposphere  up  to  8  km  altitude.  The  data  processing  showed  that  the  most 
significant  peculiarities  of  ozone  generation  occur  in  the  boundary  layer  of  the 
atmosphere.  There  is  only  small  latitudinal  gradient  above  the  boundary  layer  of  the 
atmosphere.  These  peculiarities  lies  in  the  following  facts.  Altitude  and  intensity  of 
ozone  concentration  maximum  depends  on  properties  of  underlying  surface.  The 
highest  altitude  and  intensity  were  recorded  over  regions  covered  by  forests.  There 
is  longitudinal  gradient  of  ozone  concentration  in  the  boundary  layer  of  the 
atmosphere  which  is  oriented  from  eastern  to  western  regions.  There  is  a  lower 
surface  inversion  which  results  in  two-layer  ozone  generation.  In  the  boundaiy 
layer  of  big  industrial  centres,  emissions  from  enterprises  influence  the  strength  of 
the  ozone  concentration  maximum.  They  reduce  its  level.  The  ozone  concentration 
decreases  in  the  presence  of  the  atmospheric  fronts.  It  is  regenerated  during  next  l 
or  2  days.  This  study  was  financed  by  Russian  Foundation  of  Basic  Studies  (  grant 
Ns  96-05-64332). 


TROPOSPHERIC  OZONE  RELATED  CHANGES  IN  BIOLOGICALLY 
ACTIVE  ULTRAVIOLET  RADIATION 

A.  Catsambasl,  E.  Feretis2,  N.  Sakelariou3,  K.Ya.  Kondratyev4  and  CAntonioul 

(1)  Photobiological  Unit  of +A.  Syggros;  Hospital,  5  Dragoumi  Str.,  Athens  Greece 

(2)  Bt  Eye  Clinic  of +E.  Stauros;  Hospital,  1  Er.  Staurou  Str.,  Athens,  Greece 

(3)  National  Observatory  of  Athens,  Lofos  Nimfon,  Thision,  Athens  Greece 

(4)  Russian  Academy  of  Sciences,  St.  Petersburg  Research  Center  for  Ecological 
Safety,  18  Korpusnaya  Str.,  197042  Russia 

The  influence  of  temporal  surface  ozone  variations  on  the  solar  ultraviolet  radiation 
reaching  the  ground  is  investigated.  Comparison  between  historical  (1900-1940)  and 
recent  (1987-1997)  surface  ozone  data,  monitored  at  Athens  is  discussed,  in  order  to 
detect  the  plaussible  variations  in  Ultraviolet  Radiation  reaching  the  ground. 
Furthermore  the  confirmation  of  the  hypothesis  that  increased  levels  of  atmospheric 
pollution  may  act  as  filter  to  the  transfer  of  solar  ultraviolet  radiation  to  the  surface  is 
attempted. 
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APPLICATION  OF  CHEMILUMINESCENT  OZONE  ANALYZERS 
UNDER  GEOPHYSICAL  AND  LABORATORY  EXPERIMENTS 

:  V.P.Chelibanov  (I),  L.S.Ivlcv(2) 

(I)  OPTEC  Ltd.,  St.Petersburg,  Russia,  (2)  Institute  for  Physics, 

St. Petersburg  State  University,  Russia 

chel@lekmedial .spb.su/  Fax:  7-8 1 2-8 1 2-5 1 59,  7-8 1 2-327-7222 

It  is  known  that  the  chemiluminescence  observed  during  the  oxidation  of 
organic  substances  in  heterogeneous  conditions  is  used  as  a  basis  for  building 
inexpensive,  yet  rather  sensitive,  contact-type  gas  analyzers  for  ozone.  Having 
light  weight,  long  life  time,  high  response  time  and  sensitivity  such  analyzers  are 
used  for  solving  tasks  of  ozone  atmospheric  monitoring  and  laboratory 
research.  However  by  the  moment  the  features  of  chemiluminescent  sensors 
applications  for  the  ozone  concentration  measurement  under  extending  dynamic 
range  conditions  as  well  as  interference  of  measured  concentration  range  and  life 
time  duration,  sensitivity  stability  in  time  of  chemiluminescent  sensor  were  not 
studied  enough.  This  paper  investigates  some  features  of  heterogeneous 
chemiluminescent  ozone  sensors  operation,  limits  for  the  sensors  application  and 
measurement'  procedures  based  on  chemiluminescent  sensors  and  system 
analysis  of  sensors  metrological  specifications.  Requi  rements  for  the  design  of! 
chemiluminescent  ozone  analyzers  used  as  a  part  of  automatic  atmosphere 
pollutant  control  stations  and  analytical  laboratories  have  been  formed. 


GAS  PHASE  REACTION  OF  HYDROXYL  RADICAL  WITH  THE 
NATURAL  HYDROCARBON  BORNYL  ACETATE 

C.  Coeur,  V.  Jacob  and  P.  Foster 
GRECA  Grenoble  university 
E-mail :  greca@iutujf-grenoble.fr 

The  gas  phase  reaction  of  bomyl  acetate  (bicyclo[2,2,l]-heptan-2-ol-l,7,7- 
trimethyl-acetate),  VOC  emitted  by  Mediterranean  trees  (orange  and  mandarin 
trees)  with  hydroxyl  radical  has  been  studied  The  rate  constant  determined  at 
294  ±  2  K  is  k  -  (13.9  ±  2.2)  x  10‘12  cm3.moIecule'l.$‘l.  The  experimental  rate 
constant  has  been  compared  with  the  rate  constants  calculated  with  the  structure- 
activity  relationship  (SAR)  and  with  the  evolution  trend  of  the  acetate  rate 
constants.  1, 7,7-trimethyl -bicyclo[2. 2.  L)-heptan-2-one,  l,7,7-trimethyl-5-acctyloxy- 
bicyclo[2,2.  lj-heptan-2-one  and  l,7,7-trimethyl-6-acetyloxy-bicyclo[2.2. 1] -hep  tan - 
2,3-dione  were  identified  as  degradation  products.  Their  estimated  formation  yields 
were  very  low  (<  1  %).  The  reaction  of  bomyl  acetate  with  OH  radical  leads  to 
organic  aerosols.  The  fraction  of  the  carbon  initially  present  that  is  converted  to 
aerosol,  has  been  estimated  to  about  5%.  l,7,7-trimethyl-6-acetyloxy-bicyclo[2.2.1I- 
heptan-2,3-dione  has  been  identified  as  aerosol  product. 


A  STATISTICAL  MODEL  FOR  THE  RELATIONSHIP  OF  OZONE  AND  ITS 
PRECURSORS  AT  ATHENS  BASIN 

G.  Chronopoulos,  D.  Alexandris  and  C.  Varotsos 

University  of  Athens,  Dept  of  Applied  Physics,  Panepistimioupolis  Build.  PHYS-V, 
15784  Athens  Greece 

Concentrations  of  surface  ozone  and  its  precursors  (Nox  and  hydrocarbons)  at  Athens 
Basin  are  correlated  with  the  temperature  at  850  hPa  level.  The  expression  of  the 
relationship  of  ozone  to  its  precursors  via  polynimial  and  multiplicative  regression 
models  is  attempted.  Results  show  that,  according  to  the  regression  models,  the 
correlation  coefficient  increases  from  0.73  to  0.98 


On  the  seasonal  variation  of  photo-oxidants  at  the  greater  Athens  area 

G.  Chronopoulos  and  C.  Varotsos 

University  of  Athens,  Dept,  of  Applied  Physics,  Panepistimioupolis  Build.  PHYS-V 
15784  Athens  Greece 

On  the  present  study,  the  seasonal  variation  of  photo-oxidants  03  and  Ox 
(0x=03+N02)  is  examined.  Analysed  data  concern  the  period  1990-1996  and  cover 
the  whole  greater  Athens  basin.  The  seasonal  analysis'  concerns  Summer 
(May-August),  Winter  (November  -  February)  and  transition  (March,  April, 
September,  October)  periods.  Analysed  data  have  been  devided  into  three  categories 
(24-hour,  daytime  and  night-time)  and  the  major  statistical  parameters  were  examined 
(mean  value,  median,  standard  deviation).  Parallel  to  the  seasonal  variations, 
plaussibie  correlation  between  surface  ozone  and  Ox  concetrations  are  discussed. 
Results  show  a  pronounced  decline  on  surface  ozone  concentrations  during  the  last 
years. 


On  the  statistical  analysis  of  tropospheric  and  stratospheric  ozone  content  over 
Athens  Greece 

M.  Efstathiou 

University  of  Athens,  Department  of  Applied  Physics,  Panepistimioupolis  Build. 
PHYS-V,  157  84,  Athens,  Greece 

This  study  reports  observations  of  the  total  ozone  content  (TOC)  made  by  Dobson 
spectrophotometer  at  Athens  Greece  (38N,24E)  for  the  time  period  1994-1997.  We 
have  also  used  the  ozonesoundings  performed  regulary  at  Athens,  the  same  time 
period  in  order  to  define  by  integration  the  total  tropospheric  ozone  amount.  The  final 
purpose  is  to  separately  study  both  the  tropospheric  and  stratospheric  total  ozone 
content  by  means  of  Fourier  analysis  paying  special  attention  to  the  TOC  minimum  at 
1996. 


ON  THE  ORIGIN  OF  THE  ELEVATED  SURFACE  OZONE 
CONCENTRATION  IN  SPAIN 

L.  Gimeno  (1),  A.  Rua  (2),  I.  Martfn(3),  R.  Garcia(3)  and  E.  Hemdndez(3) 

(1)  Faculty  of  Sciences,  University  of  Vigo,  Campus  de  As  Lagoas.  32002, 
Ourense,  Spain. 

(2)  Deparment  of  Statistic  and  Operative  Investigation  II.  Complutense  University, 
Campus  de  Somosaguas,  28223,  Madrid,  Spain. 

(3)  Deparment  of  Air  Physics.  Complutense  University,  Ciudad  Universitaria, 
28040,  Madrid,  Spain. 

E-mail:  lgimeno0uvigo.es 

The  objective  of  this  work  is  to  study  the  influence  of  three  mechanisms  in  the 
high  surface  ozone  concentration  of  the  Spanish  EMEP  stations.  These 
mechanisms  are:  Photochemical  production  from  organic  compounds  and  nitrogen 
oxides,  exchange  of  air  between  the  Planetary  Boundary  Layer  and  the  free 
troposphere  and  the  advection  of  ozone.  To  do  this  we  have  designed  a  new 
method  that  use  multivariate  analysis  and  the  average  ozone  concentrations,  NO* 
concentrations,  leght  of  the  air  mass  trajectories  reaching  the  stations  and 
emissions  of  NO*.  Results  suggest  that  high  surface  ozone  concentrations  are 
controled  by  photochemical  production  if  the  source  is  close  to  the  station.  If  the 
distance  from  the  source  to  the  station  rises,  the  influence  of  the  NO*  emissions 
become  more  important. 
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GEOGRAPHYCAL  SOURCES  OF  SURFACE  OZONE  IN  SPAIN 

L.  Gimeno  (1),  A.  Rua  (2),  I.  Martm(3),  R.  Garcia(3)  and  E.  Hemdndez(3) 

(1)  Faculty  of  Sciences,  University  of  Vigo,  Campus  de  As  Lagoas.  32002, 
Ourense,  Spain. 

(2)  Deparment  of  Statistic  and  Operative  Investigation  D.  Complutense 
University,  Campus  de  Somosaguas,  28223,  Madrid,  Spain. 

(3)  Deparment  of  Air  Physics.  Complutense  University,  Ciudad 
Universitaria,  28040,  Madrid,  Spain. 

E-mail:  l.gimeno  0uvigo.es 

Geographycal  sources  of  surface  ozone  in  five  Spanish  EMEP  stations  are 
studied  using  the  air  mass  trajectories  that  arrive  at  the  stations  together 
with  the  CPFs  (Conditional  Probability  Functions).  Results  show  that 
regions  with  strong  NOx  emissions  placed  far  away  the  stations  are  the 
main  sources  of  ozone  in  Spain.  So,  the  center  of  Europe  and  the  middle 
Mediterranean  area  are  the  two  main  geographycal  sources  of  surface 
ozone  in  Spain. 


TRANSPORT  OF  OZONE  AND  ITS  PRECURSORS  FROM  SOUTH 
EUROPE  REGION  AND  ITS  INFLUENCE  ON  OZONE  LEVEL  IN 
LITHUANIA 

R.  Girazdiene.  A.  Mikelinskiene,  A.  Girgzdys 
Institute  of  Physics,  Vilnius 
raseleg@ktl.mii.lt  /Fax.  +370-2-617070 

According  to  separate  authors  surface  ozone  concentrations  in  rural  areas  of  Europe 
have  been  increasing  at  a  rate  of  1  to  3%  per  year  over  the  past  two  decades.  Surface 
ozone  data  show  an  increase  by  2.5%  per  year  over  1982-1996  at  the  coastal  rural 
station  Preila,  Lithuania.  An  increase  of  ozone  maximum  concentration  by  1%  per 
year  during  this  period  is  observed.  The  ozone  level  increase  in  Lithuania  is  mainly 
determined  by  the  transport  of  polluted  air  masses  rather  than  by  local  pollution.  The 
ozone  and  its  precursors  concentrations  are  analyzed  during  episodes  when  the  air 
mass  from  south  Europe  reached  the  Lithuanian  territory.  The  air  mass  transport 
from  this  region  is  registered  when  the  eastern  part  of  the  southern  cyclone  moving 
via  the  Czech,  Poland  and  the  Baltic  sea  reaches  the  Lithuanian  territory.  The 
southern  air  mass  transport  is  observed  also  in  the  front  part  of  the  cyclone  that  is 
moving  over  north  Poland  from  the  West  Atlantic  Ocean.  More  rarely  the  southern 
transport  is  determined  by  the  settled  western  part  of  a  powerful  Siberian 
anticyclone.  The  investigated  cases  were  grouped  over  cold  and  warm  periods  of  the 
year.  Air  masses  from  south  Europe  during  the  warm  period  are  mostly  distinguished 
for  high  ozone  (>70  ppb)  and  other  species  level.  During  the  cold  period  ozone 
concentrations  are  usually  under  50  ppb. 


MONTHLY  VARIATION  OF  THE  SURFACE  OZONE  IN  SPAIN 

L.  Gimeno  (1),  A.  Rua  (2),  I.  Martm(3),  R.  Garcia(3)  and  E.  Hemandez(3) 

(1)  Faculty  of  Sciences,  University  of  Vigo,  Campus  de  As  Lagoas.  32002, 
Ourense,  Spain. 

(2)  Deparment  of  Statistic  and  Operative  Investigation  II.  Complutense 
University,  Campus  de  Somosaguas,  28223,  Madrid,  Spain. 

(3)  Deparment  of  Air  Physics.  Complutense  University,  Ciudad 
Universitaria,  28040,  Madrid,  Spain. 

E-mail:  l.gimeno  <?uvigo.es 

This  study  summarized  the  analysis  of  the  monthly  ozone  concentrations 
done  in  five  Spanish  EMEP  stations.  From  of  the  five  considered  stations 
show  the  typical  natural  spring  maximum.  This  maximum  extends  into 
summer  in  two  of  the  stations.  In  one  of  the  stations  the  maximun  is 
reached  in  summer  and  it  is  due  to  the  proximity  of  this  station  to  strong 
nitrogen  oxide  emission  areas. 


On  the  Ozone  Content  of  the  free  troposphere  over  Athens  Greece  as  derived  by 
using  in  situ  techniques 

T.  Iatrou 

Ozone  Observatory,  33  Ippokratous  Str.,  106  80  Athens,  Greece 

Ozone  Content  of  the  free  troposphere  over  Athens  Greece  during  the  winter-spring 
period  is  examined  based  on  observations  made  by  using  the  ozonesounding 
technique.  This  study  covers  the  period  1991-1997  when  intensive  ozonesounding 
campaigns  took  place  at  Athens,  Greece  (38  N,  24  E).  Variations  of  tropospheric 
ozone  are  correlated  with  the  corresponding  Total  Ozone  Content  (TOC)  ones  during 
the  same  period.  The  impact  of  prevailed  meteorological  condition  is  discussed. 
Additionally  integrated  TOC  values  as  derived  from  ozonesounding  profiles,  Dobson 
#118  spectrophotometer  and  TOMS/SBUV  satellite  bom  measurement  are  cross 
examined.  Finally  a  first  approach  on  the  evaluation  of  satellite  bom  SBUV  data 
concerning  the  lower  atmospheric  ozone  content  is  attempted. 


DIURNAL  VARIATIONS  OF  THE  SURFACE  OZONE  IN  SPAIN 

L.  Gimeno  (1),  A  Rua  (2),  I.  Martm(3),  R.  Garcia(3)  and  E.  Hem4ndez(3) 
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In  this  study  we  present  the  diurnal  and  monthly  variations  in  the  surface  ozone 
concentrations  of  five  Spanish  remote  stations  belonging  to  the  EMEP  network.  In 
one  of  the  stations  the  diurnal  cycle  is  dominated  by  the  breeze  wind  flow  regime 
reaching  a  peak  in  the  morning.  In  two  of  the  stations,  a  maximun  in  the  afternoon 
is  presented  because  of  the  turbulent  mixing  producing  appreciable  downward 
ozone  flux.  In  the  order  two  stations  no  maxima  are  produced.  In  one  of  them  this 
result  is  due  to  the  strong  westerly  winds  that  dominate  the  air  flow  and  the  low 
solar  insolation.  In  the  other  station  the  reason  are  two  phenomena:  the  mountain 
induced  flow  regime  that  produce  high  concentrations  during  the  night  and  the 
photochemical  production  that  results  in  high  concentrations  during  the  afternoon. 


TIME  VARIABILITY  OF  GROUND  OZONE  CONTENT  WITHIN 
DIFFERENT  CLIMATE  REGIONS  OF  THE  EARTH 

L.S.Ivlev  (1),  V.P.Chelibanov  (2) 

(1)  Institute  for  Physics,  St.Petersburg  State  University,  Russia 

(2)  OPTEC  Ltd,  St.Petersburg,  Russia 
chel@lekmedial.spb.su/Fax:  7-812-218-5159,  7-812-327-7222 

The  time  variability  of  ground  ozone  content  has  as  regular  pseudoperiodical) 
so  unregular  character.  The  first  type  of  variability  is  caused  by  sunearth 
connections  as  well  atmosphere  general  circulation  and  wave  motion.  The 
statistic  analysis  of  ozone  experimental  data  has  been  carried  out  to  determine 
different  fluctuation  periods  from  minute  to  season  variations  for  various 
climate  regions  from  polar  to  tropical  latitudes.  Daily,  48  hours  and  season 
variations  are  shown  evidently.The  variations  with  shorter  periods  depend  on 
many  factors  including  observation  latitude,  profile  and  type  of  ground  surface. 
An  interference  of  wave  processes  of  different  origins  which  is  responsible  for 
period  duration  changes  is  assumed  to  exist.  A  special  attention  was  paid  to 
the  nature  of  fluctuations  with  periods  from  5  to  7  minutes.  The  second  type 
of  variability  is  caused  by  aperiodic  atmospheric  processes  in  particular  by 
discharging  ozone  destructing  and  ozone  generating  substances  of  different 
concentrations  and  flow  rates  into  atmosphere.  Sources  of  aerosols  of  different 
nature  as  well  nitrogen  oxides,  organic  substances  have  a  special  significance. 
Experimental  data  on  ozone  concentrations  in  dependence  of  aerosols  and 
nitrogen  oxides  are  considered. 
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SURFACE  OZONE  CONCENTRATIONS  AT  RURAL 
LOCATIONS  IN  POLAND  IN  1996 

J.  Jarwtawski  (1),  G.  Przybylska  (2) 

(l)Institute  of  Geophysics,  Polish  Academy  of  Sciences  Ks.  Janusza 
64,  01-452  Warsaw,  Poland  (2)Institute  of  Meteorology  and  Water 
Management  Podle^na  64,  Warsaw,  Poland 

The  results  of  surface  ozone  measurements  performed  at  five  stations 
are  presented.  Measurement  stations  are  lokalized  out  of  direct  influ¬ 
ence  of  pollution  sources  (except  station  in  Warsaw).  The  results  of 
ozone  measurements  give  us  the  information  how  high  are  ozone  con¬ 
centrations  and  their  daily  and  seasonal  variations  in  various  regions 
of  Poland,  regarded  as  having  clean  or  almost  clean  air.  Frequent 
epizodes  of  high  ozone  concentration  were  observed  at  all  stations  in 
the  first  half  of  1996.  First  of  them  occured  in  February,  when  daily 
means  at  rural  stations  were  above  100  ng/m3.  Similar  episodes  oc¬ 
cured  in  March,  April  and  June.  Analysis  of  episodes  indicate  that 
they  were  caused  (except  the  last  one)  by  dynamical  transport  of  air 
from  the  upper  layers  of  the  atmosphere.  Analysis  of  ozone  concen¬ 
trations  dependence  on  meteorological  parameters  and  other  gaseous 
pollutants  ( N O2,  SOi,CO)  for  Belsk  station  indicates  that  dynamical 
processes  (vertical  and  horizontal  airmass  transport)  have  substantial 
influence  on  changes  of  surface  ozone  concentrations. 


CHARACTERIZATION  OF  AEROSOL  PROPERTIES  AND  DIRECT 
RADIATIVE  FORCING  AT  AN  ANTHROPOGENICALLY  PERTURBED 
CONTINENTAL  SITE 

Koloutsou- V akakis  S.  (1),  Carrico  C.  M.  (1),  Li  Z.  (1),  Rood  M.  J.  (1)  and  Ogren  J. 
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Ambient  aerosol  particles  affect  the  radiation  balance  of  the  Earth  directly  or 
indirectly.  This  can  have  an  effect  on  climate  but  also  on  tropospheric  ozone  chemistry 
and  vertical  distribution  as  more  radiation  can  be  available  above  than  below  the 
aerosol  layer.  In  addition,  secondary  particulate  pollutants  are  formed  by  the  same 
precursors  as  ozone.  Therefore,  ozone  chemistry  and  aerosol  particle  chemistry  and 
optical  properties  are  interrelated.  Measurements  of  optical,  chemical  and  physical 
properties  of  ambient  aerosol  particles  were  obtained  during  1995  at  a  sampling 
station,  at  Bondville  (N  40o  03‘  12M  N,  880  221  19"  W),  Illinois,  USA,  a  site 
representative  of  a  continental  anthropogenically  perturbed  environment.  The 
inorganic  water  soluble  aerosol  comprised  half  of  the  total  gravimetric  mass  and  it  was 
dominated  by  ammonium  and  sulfate  ions.  Organic  and  elemental  carbon  constituted 
the  rest  of  the  gravimetric  mass.  The  upscatter  fraction  and  the  hygroscopic  growth 
factor  as  functions  of  wavelength  of  light  were  quantified  from  the  measurements.  The 
quantified  parameters  were  used  in  a  box  model  to  estimate  the  difference  in  the 
clear-sky  shortwave  flux  at  the  top  of  the  atmosphere  caused  by  the  aerosol  particles 
in  the  region. 


PRODUCTION  AND  EMISSION  OF  ACETALDEHYDE  IN  TREES 


Institut  filr  Forstbotanik  und  Baumphysiologie;  University  Freiburg 
kreuzwie@sun2.mf.uni-freiburg.de 

The  photolytic  and  oxidative  destruction  of  the  tropospheric  trace  gas  acetaldehyde 
results  in  a  net  production  of  ozone.  Acetaldehyde  is  either  directly  emitted  into  the 
atmosphere  or  is  produced  there  by  oxidation  of  hydrocarbons.  Besides  industry,  the 
combustion  of  fuels  and  biomass  burning  are  considered  as  major  sources  of 
atmospheric  acetaldehyde.  Although  acetaldehyde  is  known  to  be  synthesised  in  the 
biosphere  by  a  wide  range  of  organisms,  its  emission  from  biogenic  sources  into  the; 
j  atmosphere  is  poorly  understood.  In  the  present  studies  we  examined  the  metabolic 
i  origin  of  acetaldehyde  and  its  emission  by  the  leaves  of  young  poplar  trees. 

|  Treatments  which  increased  the  ethanol  concentration  of  the  xylem  sap 
j  significantly  enhanced  acetaldehyde  emission  by  the  leaves.  Since  plants  fed  with' 
4C-radio-labelled  ethanol  emitted  labelled  acetaldehyde  by  the  leaves  it  is  assumed 
that  acetaldehyde  is  synthesised  through  oxidation  of  ethanol  xylem  derived  by  leaf 
alcohol  dehydrogenase.  Further  labelling  experiments  suggested  that  ethanol 
delivered  to  the  leaves  is  produced  in  anaerobic  zones  of  the  roots  by  fermentation 
processes.  Flooding  the  root  system  caused  anoxic  conditions  in  the  rhizosphere 
and  resulted  in  significantly  increased  ethanol  concentrations  in  the  xylem  sap. 
From  these  results  it  is  hypothesised  that  acetaldehyde  emitted  by  the  leaves  of 
plants  originates  from  xylem  transported  ethanol  which  is  synthesised  during 
alcoholic  fermentation  in  the  roots. 


FIVE-YEAR  RECORD  OF  OZONE  AT  MT.  BROCKEN  (GERMANY)  - 
IMPLICATIONS  FOR  CHANGING  HETEROGENEOUS  CHEMISTRY 

D.  Moller.  D.  KalaB,  K.  Acker  and  W.  Wieprecht  (Brandenburg  Technical  University, 
D-03013  Cottbus,  P.O.Box  10  13  44,  Germany) 


Theoretical  studies  using  models  with  coupled  gas  and  liquid  phase  chemistry 
suggested  that  not  only  the  net  formation  of  ozone  could  be  reduced  in  clouds  but  also 
heterogeneous  destruction  could  be  possible.  Several  possible  pathways  of  ozone 
sinks  in  clouds  we  discussed  recently  concerning  first  experimental  findings  of  ozone 
depletion  at  Mt.  Brocken  (Acker  et  al.,  1995].  Since  1992  we  record  the  ozone 
concentration  beside  several  other  air  and  cloud  chemical  and  physical  parameters  at 
Mt.  Brocken.  Now  we  present  the  changing  seasonal  amplitude  of  ozone  (increasing 
winter  ozone  concentration  whereas  the  summer  ozone  remains  nearly  constant)  as  an 
indication  for  a  loss  of  winter  time  ozone  destruction  in  clouds.  We  found  that 
between  the  amplitude  (summer/winter  ratio)  and  the  station  elevation  above  sea  level 
a  strong  correlation  exists.  However,  the  corresponding  ratio  for  Ml  Brocken 
exceeded  the  expected  one  (2.3)  nearly  by  a  factor  of  two  in  1992.  Till  1996  we 
observed  a  decreasing  amplitude,  now  in  agreement  with  the  ..normal"  correlation. 
Considering  parallel  changing  cloud  chemistry  parameters  (e.g.  acidity)  we  present 
the  hypothesis  of  loosing  ozone  removal  capacity  in  the  winter  season.  Moreover,  we 
would  like  to  stimulate  the  discussion  on  the  importance  of  heterogeneous  sink 
processes  for  the  mesoscale  oxidant  budget. 

K.  Acker,  W.  Wieprecht ,  D.  Moller,  G.  Mauersberger,  S. 
Naumann  and  A.  Oestreich  (1995)  Naturwiss .  82,  86-89 


NUMERICAL  INVESTIGATION  OF  THE  INFLUENCE  OF  BIO¬ 
GENIC  EMISSIONS  ON  OZONE  IN  SAXONY  (GERMANY) 

A.  Miinzenberg-St. Denis  and  E.  Renner,  R.  Wolke 
Institute  for  Tropospheric  Research,  Permoserstr.  15,  D-04303  Leipzig,  Ger¬ 
man}*. 

Biogenic  emissions  of  e.g.  terpene  and  isoprene  (emitted  by  trees,  for  example) 
and  NO  (as  a  product  of  microbial  degradation)  modify  the  ozone  concen¬ 
trations  close  to  the  ground  especially  in  rural  areas.  These  substances  are 
extremely  reactive  and  contribute  considerably  to  the  oxidation  capacity  of  the 
troposphere.  This  kind  of  emissions  can  only  be  influenced  to  a  certain  degree 
by  human  beings. 

The  model  system  METRAS  -  MUSCAT  -  Euro-RADM  is  used  to  investigate 
the  impact  of  biogenic  emissions  on  the  ozone  concentrations  under  summer 
conditions.  The  model  was  applied  to  the  area  of  Saxony  (Germany)  where 
major  rural  areas  can  be  found.  Included  is  a  sensitivity  study  about  the  influ¬ 
ence  of  the  emissions  from  rape  on  the  ozone  production  in  the  model  domain 
because  rape  is  one  of  the  major  crops  grown  in  Saxony. 


PHOTOCHEMICAL  SMOG  IN  SANTIAGO  DE  CHILE  -  RELATION¬ 
SHIPS  BETWEEN  PRECURSORS  NOx,  CO,  NMHC  AND  SECONDARY 
COMPOUNDS  OZONE  AND  PAN 
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In  November  and  December  1996  a  campaign  called  PHOTOCHEMICAL 
CAMPAIGN  took  place  in  Santiago  dc  Chile  covering  a  range  or  simultaneous 
measurements  of  meteorological  parameters  and  air  chemical  compounds 
including  o/.onc.  CO.  NOv  PAN  and  on-line  NMHC. 

Strong  emissions  of  primary  pollulanls  during  stagnant  weather  conditions  lead  to 
a  rapid  increase  of  CO.  NOx.  and  NMHC  in  Santiago.  Intensive  global  radiation 
during  daytime,  temperatures  between  3U*C-35*C  and  the  specific  orographic 
situation  of  Santiago  de  Chile  close  to  the  highest  mountain  ranges  of  the  Andes 
that  leads  to  the  development  of  a  very  persisting  valley -mount a in-breeze  system 
favours  the  formation  of  pliotooxidants  through  effective  consumption  of  primary 
pollutants  in  the  course  of  the  day.  Similar  conditions  may  be  found  in  the 
Mediterranean  Area  as  was  shown  during  MEDCAPHOT-TRACE.  However,  the 
case  of  Santiago  shows  a  unique  example  to  study  the  evolution  of  photochemical 
smog  since  episodes  occur  almost  daily  and  arc  pronounced,  with  high  PAN 
values,  a  specific  indicator  for  anthropogenic  driven  photochemistry 
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OZONE  INJURY  SPATIAL  PATTERN  IN  ALEPPO  PINE  AND  AIR 
POLLUTION  DYNAMICS  IN  THE  MEDITERRANEAN. 

M.J.  Sanz(I).  A.  Caltayud  (1)  and  E.  Calvo(l) 

(I)  Fundaci6n  C.E.A.M. 
mjose@ceam.es 

Interdisciplinary  studies,  combining  the  evaluation  of  effects  with  the 
tracking  of  photooxidants  (i.e.  ozone)  and  the  meso-meteorological 
interpretation  of  the  data,  have  been  carried  out  in  eastern  Spain  since 
1994.  Mesoscale  circulations  are  very  important  from  the  point  of  view 
of  how  and  where  forest  ecosystems  are  affected  by  point  sources  and 
regional  air  pollution  in  the  Mediterranean  area.  The  recirculation 
processes  in  the  Mediterranean  strongly  influence  the  ozone  daily  and 
spatial  patterns.  First  results  of  these  field  surveys  show  that  during 
1994,  95  andl  96,  visual  ozone  injury  (chlorotic  mottle)  in  Pinus 
halepensis  was  well  correlated  with  the  penetration  of  the  sea  breeze  in 
coastal  valleys  of  Castelldn.  AOT40  calculated  for  the  monitoring 
stations  located  in  the  Mijares  valley  show  values  under  the  threshold 
(10.000  ppb.h)  near  the  city  of  Castelldn,  whereas  in  the  other  stations 
inland  along  the  valley  the  threshold  is  surpassed  all  summer  long  until 
September-October.  Ozone  seems  to  be  able  to  affect  Aleppo  pine  under 
different  climatic  conditions.  And  chlorotic  mottle  can  be  used  as  a  field 
indicator  of  the  degree  of  ozone  effects,  even  in  different  climatic 
conditions.  Finally,  a  higher  percentage  of  chlorotic  mottle  is  present  in 
needles  of  Pinus  halepensis  from  the  valley  localities  closer  to  the 
seashore,  where  the  seabreeze  entrance  is  more  frequent  during  the 
whole  year.  This  mechanism  brings  high  ozone  levels  inland  from  the 
coast. 


THE  ROLE  OF  ANTHROPOGENIC  AND  BIOGENIC  EMISSIONS 
ON  TROPOSPHERIC  OZONE  FORMATION  OVER  GREECE 

M.  Varinou  (1),  G.  Kallos  (1),  G.  Sistla  (2) 

(1)  Dept,  of  Physics,  Laboratory  of  Meteorology,  University  of  Athens 
varinou@etesian.dap.uoa.gr,  (2)  State  University  of  New  York  at  Albany, 
Albany,  New  York 

In  this  study  an  attempt  was  made  to  examine  the  response  of  a  grid-based 
photochemical  model  on  the  simulated  tropospheric  ozone  levels  for  various 
emission  patterns.  More  precisely,  the  role  of  the  biogenic  emissions  to  the 
tropospheric  ozone  formation  over  areas  with  significant  anthropogenic 
sources  is  investigated.  The  area  of  interest  is  the  SE  part  of  the  Greek 
Peninsula  where  there  are  various  types  of  anthropogenic  pollutant  sources 
including  large  urban  areas,  major  industrial  installations,  power  plants,  main 
traffic  routes  and  it  is  covered  by  various  types  of  forests  in  a  large  extent. 
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For  this  purpose  ozone  air  quality  simulations  were  performed  using  the 
combined  system  of  the  atmospheric  model  RAMS  and  the  photochemical 
model  UAM.  Simulations  were  performed  using  various  emissions  scenarios 
with  and  without  the  implementation  of  biogenic  inventories. 


DAILY  OZONE  PATTERNS  AND  AOT40  INDEX  IN  EAST  COAST 
OF  THE  IBERIAN  PENINSULA 

M.J.  Sanzfl),  A.  CarrataU  (I),  E.  Mantilla  (1)  and  M.  Millan  (1) 

(t)  Fundacion  C.E.A.M. 

Dori@ceam.es 

The  complexity  of  air  mass  dynamics  in  the  Mediterranean  has  already 
been  quite  well  documented  in  several  EU  research  projects  conducted  in 
the  area  since  1989  (MECAPIP,  RECAPMA  and  SECAP).It  is  clear  now 
that  the  recirculation  processes  involved,  in  which  new  emissions  (NOx 
and  other  precursors)  are  incorporated,  strongly  influence  the  daily  and 
spatial  ozone  patterns  in  the  Mediterranean.  In  this  sense,  the  results 
from  the  Valencian  Community  air  quality  network,  show  that  within  a 
natural  pathway  of  air  mass  transport  (e.g.  a  valley  )  three  different  03 
diurnal  patterns  are  clearly  distinguished:  high  elevation,  medium  and 
coastal  sites.  Hieh  altitude  sites  are  characterised  by  maintaining  an 
almost  constant  high  03  level  throughout  the  day  (no  diurnal  cycle). 
Low  altitude  sites  have  maximum  levels  coinciding  with  daylight  hours 
and  close  to  zero  03  levels  at  night  (diurnal  cycle).  At  the  medium 
altitude  sites  the  maximum  values  occur  in  the  daylight  hours;  however, 
03  levels  never  drop  to  zero.  These  different  patterns  change  in  the 
narrow  range  of  50  to  60  km  (smaller  than  the  minimum  EMEP  model 
grid  of  50  or  150km),  which  implies  a  huge  spatial  variability  in  the  area. 
AOT40  index  for  3  and  6  months  are  calculated  as  a  running  value 
tnrough  the  year  and  compared  for  the  different  03  patterns.  Also, 
several  daylight  windows  have  been  used  in  the  AOT40  calculations  in 
order  to  check  the  sensibility  of  the  index  to  the  time  window  choice  and 
to  the  different  ozone  daily  patterns  compared  to  the  AOT40  calculated 
for  real  day  hours  (radiation>50w/m2).  It  has  been  concluded  that  alt 
daytime  windows,  produce  overestimations  in  diurnal  cycle  sites  and 
underestimations  in  non  diurnal  cycle  sites  of  the  AOT40  values  when 
they  are  compared  with  the  real  day  time  hours  (radiation>50w/m2). 


Tropospheric  ozone  and  Sulpher  dioxide  in  Cairo  atmosphere. 

Wafik  M.  Sharobiem  and  Ashraf  S.  Zakey. 

Research  Department,  The  Egyptian  Meteorological  Authority 

P.  O.  Box  1 1784  ,  Cairo,  Egypt 

Tel.:  (202)2849858  ,  Fax  :  (202)2849857 

E-Mail  :  ma@idsc.gov.eg 

Surface  ozone  (03)  and  sulpher  dioxide  (S02)  gas  were  evaluated  in  the  atmosphere 
of  a  residential  site  at  Cairo  (30.05  N  ,  3 1.17  S)  from  October  1994  to  March  1995. 
This  work  discuss  sources  of  ozone  and  sulpher  dioxide  in  the  atmosphere  particularly 
with  regard  to  the  relative  contributions  of  fluxes  from  the  stratosphere  and  that 
created  due  to  photochemical  reactions.  Hourly  concentration  of  S02  shows  that  the 
maximum  value  was  at  9  am.  associated  with  traffic  emissions  which  is  a  major 
source  of  S02  in  this  period  and  residential  area.  The  diurnal  variation  of  ozone 
concentration  exhibits  it  peak  values  in  the  afternoon  which  indicate  a  strong 
.  contribution  of  photochemical  smog. 


Solar  effective  UV  trradiance  at  height  levels  form  the  surface  to  the  tropopause 

C.  Varotsos  (1),  D.  Alexandris(2)  and  G.  Chronopoulos(l) 

(1)  University  of  Athens,  Department  of  Applied  Physics,  Panepistimioupolis  Build. 
PHYS-V,  157  84,  Athens,  Greece 

(2)  Ozone  Observatory,  33  Ippokratus  Str.,  106  80  Athens,  Greece 

Measurements  of  the  solar  biologically  effective  UV  radiation  were  carried  out  during 
the  period  from  7  to  14  June  1997  by  using  a  radiometer  flown  on  a  Falcon  aircraft,  at 
several  altitude  levels,  from  sea  level  up  to  13  Km.  The  results  showed  that  an  increase 
occurs  of  about  8-13%  per  kilometer  throughout  the  troposphere  in  the  biologically 
effective  UV  radiation.This  increase  has  been  compared  with  the  burden  ozone  content 
at  each  height  level  as  it  was  derived  from  concurrent  ozone  measurements  obtained 
from  ozonesondc  ascents.  This  comparison  showed  a  strong  correlation  between  the 
biological  effective  UV  radiation  and  the  total  ozone  content  above  the  UV 
measurement  height  level. 


On  the  role  of  the  Lower-Stratospheric  Circulation  to  the  Vertical  Ozone 
Structure 

C.  Varotsos  (1),  D.  Alexandris(2)  and  G.  ChronopouIos(I) 

(1)  University  of  Athens,  Department  of  Applied  Physics,  Panepistimioupolis  Build. 
PHYS-V,  157  84,  Athens,  Greece 

(2)  Ozone  Observatory,  33  Ippokratus  Str.,  106  80  Athens,  Greece 

The  examination  of  the  role  of  the  lower  stratospheric  circulation  to  the  vertical  ozone 
distribution,  is  attempted  by  using  the  vertical  ozone  profiles  collected  by 
balloon-borne  sondes  released  at  Athens,  Greece  (38  N,  24  E),  throughout  the  period 
1989-1997.  The  most  pronounced  features  of  the  ozone  structure,  such  as  lamination 
phenomenon,  minimum  of  ozone  partial  pressure  at  the  height  region  of  14-17  km  and 
ozone  minima  at  the  height  region  of  20-25  km,  have  been  used  in  order  to  create 
groups  of  relevant  profiles.  The  occurrence  of  the  above  mentioned  features, 
correlated  with  the  circulation  pattern,  leads  to  the  following  preliminary  results:  a) 
Laminated  features  are  associated  with  the  north-northwest  circulation  in  the  lower 
stratosphere;  b)  The  lower  stratosphere?s  characteristic  ozone  minimum  is  related  to 
the  influence  of  the  subtropical  jet  stream  circulation;  and  c)  The  observed  ozone 
depletion  at  the  height  region  of  20-25  km,  is  characterized  by  the  movement  of  the 
polar  vortex  to  the  mid-latitudes,  resulting  more  intense  north-western  circulation 
above  our  experimental  site. 
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ON  THE  ROLE  OF  SEA  SALT  PARTICLES  IN  POLLUTED  MARINE  AREAS 

C.  Varotsos 

University  of  Athens,  Dept  of  Applied  Physics,  Panepistimioupolis  Build.  PHYS-V, 
1 5784  Athens  Greece 

The  reactions  of  gaseous  N205  and  C1N03  with  Solid  NaCi,  Solid  NaBr  and  mixed 
NaCl-NaBr  are  increasingly  recognised  as  significant  in  polluted  areas.  In  this  study  an 
attempt  has  been  made  to  examine  additional  reduction  processes  by  using  the 
interconnection  of  entropy  and  enthalpy  for  various  processes  with  well  known 
macroscopic  properties  of  the  bulk  solid  at  temperatures300K. 


THE  ROLE  OF  WATER  VAPOUR  ON  THE  TROPOSPHERIC  OZONE 
DEPLETION 

C.  Varotsos  and  D.  Alexandris 

University  of  Athens,  Dept  of  Applied  Physics,  Panepistimioupolis  Build.  PHYS-V, 
15784  Athens  Greece 

A  plaussible  relationship  between  the  fluctuations  of  Ozone  concentration  and  the 
water  vapour  mixing  ratio  at  the  Athens  troposphere  is  detected.  To  reach  this  target, 
measurements  of  both,  ozone  concentration  and  relative  humidity  are  used  by  utilising 
the  five  years  record  (1993-1997)  of  ozonesoundings  regurarly  performed  at  Athens 
Ozone  Station.  Furthermore,  the  invention  of  a  theoretically  deduced  mechanism  is 
finally  attempted  to  illustrate  the  experimentally  derived  relationship. 


VERTICAL  OZONE  DISTRIBUTION  IN  THE  TROPOSPHERE  AT  ATHENS 
GREECE 

C.  Varotsos  and  G.  Chronopoulos 

University  of  Athens,  Dept,  of  Applied  Physics,  Panepistimioupolis  Build.  PHYS-V, 
15784  Athens  Greece 

Measurements  of  vertical  ozone  distribution  of  the  tropospheric  ozone  over  Athens 
Greece  (38  N,  24  E)  during  the  1995-96  winter  period  are  correlated  with  the 
prevailled  meteorological  conditions.  In  particular,  ozone  concentration  at  the 
troposphere  at  Athens  as  deduced  from  ozonesounding  observations  are  discussed  with 
regard  to  the  transport  at  the  700  hPa  level.  Analusis  results  show  that  the  free 
tropospheric  ozone  concentration  is  affected  by  the  general  circulation  pattern,  with 
variations  of  the  order  of  10%. 


CLOUD  IMPACT  ON  SURFACE  ULTRAVIOLET  RADIATION 

Costas  Varotsos  (1),  Kirill  Ya.  Kondratyev  (2),  Irina  N.  Melnikova  2), 

Gennady  P.  Guschin  (3) 

(1)  University  of  Athens,  Dept,  of  Physics,  Div.  of  Applied  Physics,  Lab.  of 
Meteorology; 

(2)  Research  Centre  for  Ecology  Safety,  Russian  Academy  of  Sciences; 

(3)  Voeykov  Main  Geophysical  Observatory 

One  can  suppose  that  surface  UV-irradiance  may  increase  slightly  under 
condition  of  small  cloud  amount  comparing  the  case  clear  sky  by  reason  of 
reflection  and  scattering  of  solar  radiation  from  cloud  sides.  Then,  with 
growing  of  cloud  amount,  surface  UV-irradiance  decrease.  The  elaboration  of 
three-years  set  of  data  of  UV-irradiance  measured  in  St.-Petersburg  and 
Athens  is  undertaken.  The  influence  of  solar  zenith  angle  is  taken  into  account. 
The  dependence  of  surface  UV-irradiance  on  cloud  amount  and  solar  zenith 
angle  is  presented. 


SURFACE  OZONE  MEASUREMENTS  OVER  ATHENS  BASED  ON  THE 
HISTORICAL  DATA  FOR  THE  PERIOD  1901-1940 

C.  Varotsos  and  T.  Iatrou 

University  of  Athens,  Dept  of  Applied  Physics,  Panepistimioupolis  Build.  PHYS-V, 
15784  Athens  Greece 

A  unique  data  base  for  surface  ozone  concentrations  over  Athens  Greece,  for  the 
period  1901-1940  is  available  based  on  observations  made  at  the  National  Observatory 
of  Athens,  by  using  DeJames  colometric  papers.  There-evaluation  of  these  data 
denotes  that  during  the  first  half  of  the  20th  century,  surface  ozone  concentrations 
varried  around  20  ppb,  with  maximum  values  occured  during  late  spring-early  summer 
period  and  minimum  values  during  late  Autumn  period. 
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THE  EFFECT  OF  A  MORE  REALISTIC  OZONE 
DISTRIBUTION  ON  CLIMATE  SIMULATION  WITH  A  GCM 

Paul  Fortuin  *,  Peter  Siegmund  *  and  Erich  Roeckner  $ 

*:  KNMI,  De  Bilt,  Netherlands;  %\  MPI  filr  Meteorologie,  Hamburg,  Germany 
fortuin@knmi.nl,  siegmund@knmi.nl,  erich@macserv.dkrz.de 

So  far,  the  background  ozone  field  used  for  climate  simulations  with  the  ECHAM 
GCM  in  Hamburg,  was  derived  from  an  analytical  formula  which  calculated  ozone 
profiles  as  a  function  of  total  ozone  and  ozone  peak  height  distribution.  To  assess 
how  a  more  realistic  ozone  distribution  might  influence  die  simulated  climate,  a  new 
zonal  monthly  mean  ozone  climatology,  based  entirely  on  ozonesonde  and  satellite 
observations  over  the  target  period  1980-1991,  was  built  into  ECHAM  and  run  in  an 
uncoupled  mode  using  prescribed  sea  surface  temperatures.  The  results  are  compared 
to  those  of  a  similar  control  run  using  the  previous  ozone  climatology.  A  short  sum¬ 
mary  Of  the  new  ozone  climatology  characteristics  and  its  differences  with  regard  to 
the  previous  climatology  will  be  presented,  followed  by  an  overview  of  die  main 
results  from  die  two  control  runs.  It  is  found  that  the  systematically  lower  ozone  val¬ 
ues  of  the  new  climatology  around  the  tropo pause  leads  to  lower  temperatures  here, 
accompanied  by  increased  convection  and  high  cloudiness  epecially  in  the  Tropics. 
The  influence  of  the  ozone  hole  over  Antarctica  -  in  contrast  with  the  ozone  spring 
maximum  of  die  previous  climatology  -  is  mainly  a  cooling  and  intensification  of  the 
polar  vortex  in  October,  but  also  in  November  when  the  ozone  hole  has  almost  recov¬ 
ered.  The  results  from  the  control  runs  are  compared  with  re-analyses  from  ECMWF. 
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OZONE:  RADIATIVE  FORCING  AND  CLIMATE  SENSITIVITY 
Bo  Christiansen 

Danish  Meteorological  Institute,  DK-2100,  Copenhagen,  Denmark. 
bocCdmi.dk/Fax:  [45]  39  15  74  60 

We  present  a  series  of  general  circulation  model  experiments  with  prescribed 
ozone  perturbations  in  different  vertical  intervals.  Both  the  radiative  forcing  on 
the  tropopause  and  the  near-surface  temperature  are  used  as  diagnostic  quanti¬ 
ties.  The  climate  sensitivity,  i.e.  the  surface  warming  per  unit  radiative  forcing, 
and  its  dependence  of  the  hight  of  the  ozone  perturbation  are  calculated.  The 
model  used  is  Arpege  and  all  experiments  are  integrated  under  perpetual  Jan¬ 
uary  conditions. 

A  large  value  of  the  climate  sensitivity  and  a  corresponding  large  positive  feed¬ 
back  are  found  for  perturbations  of  the  upper  stratosphere.  This  should  be 
compared  to  the  relative  weak  positive  feedbacks  found  both  for  ozone  per¬ 
turbations  in  the  lower  stratosphere  and  in  the  troposphere  and  in  a  doubled 
C02  experiment.  The  climate  change  is  analysed  primarily  by  studying  the 
changes  in  the  energy  balance  at  the  surface  and  the  related  changes  in  the 
hydrological  cycle.  The  influence  on  the  climate  sensitivity  of  the  definition 
of  the  tropopause  level  as  well  as  of  the  definition  of  the  radiative  forcing  is 
investigated. 


LONGITUDINAL  DIFFERENCES  IN  SEASONAL  OZONE 
CHANGES  OVER  NORTHERN  MIDLATITUDES 

M.  Degorska,  J.  W.  Krzyscin  and  B.  Rajewska-Wi^ch 
Institute  of  Geophysics,  Polish  Academy  of  Sciences, 

Warsaw,  Poland,  januszj&igf.edu.pl/Fax:  +48-22-370522 

Time  series  of  total  ozone  seasonal  (winter-spring  and  summer)  means 
from  European  Dobson  stations  and  those  from  the  United  States  and 
Canada  have  been  analysed.  For  each  of  the  considered  stations,  the 
mean  values  for  both  seasons  are  positively  correlated  and  their  dif¬ 
ferences  decrease.  The  correlation  coefficient  values  are  significantly 
greater  for  the  Northern  American  stations  than  for  the  European 
stations,  indicating  a  longitudinal  dependence  of  seasonal  variation 
of  total  ozone.  Its  correspondence  with  seasonal  variation  of  the 
Brewer-Dobson  circulation  cell  is  suggested.  Taking  into  account  the 
fact  that  the  winter-spring  and  summer  total  ozone  means  are  well 
correlated  over  North  America,  it  is  possible  to  use  in  this  region  the 
winter-spring  mean  value  as  a  predictor  to  infer  the  summer  mean 
value.  This  may  be  useful  in  making  an  early  estimate  of  potentially 
excessive  solar  UV  radiation  during  the  summer  months. 


IMPACT  OF  ANTHROPOGENIC  ACTIVITIES  ON  TROPO¬ 
SPHERIC  OZONE 

D.  A.  Hauglustaine  (1,2)  and  G.  P.  Brasseur  (2) 

(1)  Service  d’Aeronomie  du  CNRS,  Paris,  France,  (2)  National  Center  for  At¬ 
mospheric  Research,  Boulder,  Colorado. 

The  budget  of  ozone  and  its  evolution  resulting  from  anthropogenic  activities 
are  simulated  with  a  global  three-dimensional  chemical- transport-model,  called 
MOZART  (Model  of  OZone  And  Related  chemical  Tracers).  MOZART  is  de¬ 
veloped  in  the  framework  of  the  NCAR  CCM2  and  considers  a  comprehensive 
tropospheric  chemistry  including  non-methane  hydrocarbons.  It  calculates  the 
distribution  of  56  chemical  species  with  a  resolution  of  2.8  degrees  in  both  lat¬ 
itude  and  longitude,  25  levels  on  the  vertical  (from  the  surface  to  the  upper 
stratosphere)  and  a  time  step  of  20  min. 

In  this  paper,  we  present  the  changes  in  tropospheric  ozone  and  its  precursors 
(CH4,  NMHCs,  CO,  NOr)  since  the  pre-indutrial  period.  The  ozone  change 
at  the  surface  exhibits  a  maximum  increase  at  mid-latitudes  in  the  northern 
hemisphere  reaching  more  than  40-50  ppbv  over  Europe  and  the  southeast¬ 
ern  US  during  summer.  The  possible  evolution  of  ozone  in  year  2050  is  also 
calculated  with  the  model  based  on  estimated  future  scenarios.  The  impact  of 
the  present-day  and  future  aircraft  fleet  on  nitrogen  species  and  ozone  is  also 
included  in  our  simulations.  The  impact  of  these  past  and  future  ozone  changes 
(including  aircraft  emissions)  on  the  radiative  forcing  of  the  climate  system  are 
discussed.  The  seasonal  and  geographical  distributions  of  the  radiative  forcings 
are  illustrated. 


THE  TROPOSPHERIC  CARBON  MONOXIDE  DISTRIBUTION  IN  THE 
NORTHERN  TEMPERATE  BELT  AS  THE  2-D  MODEL  CALCULATION 
RESULT 

Igor  L.  Karol  and  Audrey  A.  Kiselev 
Main  Geophysical  Observatory 
E-mail:  karol@main.mgo.rssi.ni 

The  carbon  monoxide  and  ozone  with  other  minor  constituents  concentration  in  the 
0-16-km  layer  and  in  the  30°-60°  N  belt  is  calculated  by  the  2-D  (height-longitude) 
nonstationary  photochemical  model  with  climatic  zonal  and  vertical  fixed 
transport.  The  concentrations  of  32  atmospheric  species  are  calculated,  about  170 
atmospheric  reactions  among  oxygen,  hydrogen,  nitrogen,  carbon,  chlorine  and 
bromine  compounds  during  diurnal  course  are  considered. 

The  geographical  inhomogenity  of  the  surface  carbon  monoxide  releases  and  their 
seasonal  variability  are  accounted.  The  climatic  data  of  tropospheric  humidity  and 
rains  from  The  NCEP/NCAR  40-year  reanalysis  project"  are  used.  The  distinction 
between  water  vapor  content  values  over  land  and  ocean  determines  generally 
nonhomogeneous  distribution  of  hydroxyl  radical.  The  carbon  monoxide  spatial 
inhomogenity  is  due  to  the  inhomogenity  of  both  its  sources  and  hydroxyl  as  the 
main  carbon  monoxide  destroyer.  The  model  results  are  discussed  and  compared 
with  observations. 
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TRENDS  IN  TROPOSPERIC  AND  LOWER  STRATOSPHERIC  OZONE  IN 
EUROPEAN  ARCTIC 

E.  Kvrfl.  R.  Kivi  and  T.  Turunen 

Finnish  Meteorological  Institute,  Ilmala,  FIN-99600  Sodankyla,  Finland, 
esko.kyro@fmi.fi/Fax:+358-l  6-6 10 1 05 

Ozone  sonde  time  series  from  Sodankyla  Observatory  of  the  Finnish  Meteorological 
Observatory  is  put  through  a  statistical  analysis  of  long  term  changes  from  1988  to 
1997.  Careful  attention  is  paid  on  data  quality,  concentrating  on  pre-flight  calibration 
records  and  comparative  column  data.  Sodankyla  data  form  the  longest  continuous 
ozone  sonde  series  in  the  European  Arctic,  at  present  there  are  640  ozone  soundings  in 
the  series.  Finnish  data  indicate  ozone  decrease  in  the  troposphere  of  the  order  of  1.3% 
per  year  since  late  1980’s.  Results  of  statistical  analysis  are  compared  to  other  studies  of 
ozone  trends. 


LOWER  STRATOSPHERIC  TEMPERATURES  AND  THEIR  RE¬ 
LATIONSHIP  WITH  OZONE  TRENDS 

S.  Pawson  (1,2),  K.  Labitzke  (1,3)  and  S.  Leder  (2) 

(1)  Inst,  fur  Meteorologie,  FU  Berlin,  Germany,  (2)  Universities  Space  Research 
Association,  Greenbelt,  USA,  (3)  Inst,  for  Geophysics,  Univ.  of  Kyoto,  Japan. 

pawsonfipolska . gsf c . nasa.gov 

Subjectively  analysed  data  from  the  Freie  Universitat  Berlin  (FUB)  are  used 
to  illustrate  the  changes  in  the  thermal  structure  of  the  lower-middle  strato¬ 
sphere  over  the  past  four  decades.  Annual  mean  temperatures  in  the  Northern 
Hemisphere  reveal  a  pronounced  cooling,  which  is  not  well  described  by  a  lin¬ 
ear  trend.  The  cooling  has  accelerated  since  1993,  following  a  warming  caused 
by  the  radiative  effects  of  volcanic  aerosols  from  the  Mt.  Pinatubo  eruption 
in  1991.  Lower  stratospheric  temperatures  from  the  Microwave  Sounding  Unit, 
available  since  1979,  give  independent  confirmation  of  this  cooling.  There  is  a 
clear  connection  between  the  recent  accelerated  temperature  decrease  and  total 
ozone  changes.  This  is  shown  to  be  broadly  consistent  with  the  reduced  heating 
in  the  lower  stratosphere  and  has  implications  for  the  radiative  energy  input 
into  the  upper  troposphere. 

Some  of  the  possible  feedbacks  will  be  discussed.  Closer  examination  of  the 
temporal  and  spatial  structure  of  the  cooling  reveals  an  apparent  trend  in  the 
springtime,  which  allows  the  possibility  of  increased  ozone  destruction  resulting 
from  heterogeneous  chemical  processes.  Some  attempts  to  separate  the  causal¬ 
ity  of  the  temperature  and  ozone  decreases  will  be  presented;  effects  on  the 
radiative  forcing  of  the  troposphere  in  Northern  Spring  will  be  discussed. 


LtVY  FLIGHTS  BY  PHOTONS  IN  CLOUDY  SKIES  ?  IMPLICA¬ 
TIONS  FOR  THE  SW-HEATING  OF  TROPOSPHERIC  OZONE 
K.  Pfeilsticker,  O,  Funk,  C.  Kurz,  H.J.  Veitel  and  U.  Platt 
Institut  fur  Umweltphysik,  University  of  Heidelberg,  INF  366,  69 120  Heidel¬ 
berg,  Germany.  N 

pfOuphyal.uphys.uni-heidelberg.de/Fax:  [+49]  6221-54-6405 

Recently  theoretical  and  observational  studies  have  highlighted  that  under  ’real’ 
inhomogeneous  or  fractal  cloudy  sky  conditions  the  photon  geometrical  paths 
are  a-stable  L6vy-distributed,  which  is  different  than  implicitly  or  explicitly 
assumed  in  non-statistical  plane  parallel  homogeneous  radiative  transfer  (RT) 
models.  Since  for  L6vy  type  transport  statistics,  the  probability  density  fimc- 
tions  of  optical  paths  (PDF-OP)  is  different  than  modelled  using  non-statistical 
RT-models,  the  SW-solar  radiation  absorption  is  likely  to  be  altered.  In  partic¬ 
ular,  L6vy  type  transport  statistics  favour  shorter  and  extremely  long  geometri¬ 
cal  paths  at  the  cost  of  medium  long  geometrical  paths.  This  is  an  intermittency 
effect,  characteristic  for  transport  processes  in  turbulent  media.  In  consequence 
of  the  L’evy  type  PDF-OP  occurring  in  fractal  clouds,  the  relative  contributions 
of  the  strong  and  weak  SW-absorbers  to  the  total  atmospheric  SW-absorption 
is  altered  to  the  ones  calculated  using  conventional  RT-models. 

Here  observational  evidence  of  L6vy  transport  statistic  under  cloudy  sky  con¬ 
ditions  is  given,  and  the  consequence  for  the  SW-absorption  of  a  weak  absorber 
-  tropospheric  ozone  in  the  visible  wavlength  range  -  is  discussed. 


PRESENT-DAY  AND  FUTURE  IMPACT  OF  AIRCRAFT  IN¬ 
DUCED  OZONE  CHANGES 

M.  Ponater,  R.  Sausen  and  B.  Feneberg  (DLR-Institut  fur  Physik  der  Atmo- 
sphare,  Oberpfaffenhofen,  D-82230  Wefiling,  Germany) 

E.  Roeckner  (Max-Planck-Institut  fur  Meteorologie,  Bundesstrafie  55,  D-20146 
Hamburg,  Germany) 

Aircraft  induced  NOx  emissions  lead  to  significant  modifications  of  the  atmo¬ 
spheric  ozone  concentration.  Hence,  an  additional  radiative  forcing  is  provided 
to  the  climate  system.  It  has  been  shown  that  the  resulting  climate  impact  is 
also  significant,  even  for  present-day  subsonic  air  traffic.  This  is  demonstrated 
by  equilibrium  climate  change  simulations  with  a  comprehensive  3D  model  of 
the  atmosphere  ocean  system. 

However,  it  appears  that  the  relation  between  the  radiative  forcing  and  the 
climate  change  (in  terms  of  surface  temperature  change)  in  the  ozone  sensitiv¬ 
ity  experiments  is  not  as  straightforward  as  it  is  usually  found  in  greenhouse 
gas  experiments.  Even  for  present-day  aircraft  conditions,  for  which  the  ozone 
perturbation  is  largely  restricted  to  the  middle  and  upper  troposphere,  a  con¬ 
siderably  nonlinear  dependence  of  the  global  mean  temperature  response  from 
radiative  forcing  can  be  found. 

For  future  aircraft  scenarios  (assuming  the  existence  of  a  commercial  strato¬ 
spheric  air-fleet)  ,  for  which  the  lower  stratosphere  ozone  distribution  is  also 
affected,  the  radiative  forcing  seems  to  be  a  bad  predictor  of  climate  change. 


EXPERIMENTS  EMPLOYING  OZONE  CHANGES  IN  A  GEN¬ 
ERAL  CIRCULATION  MODEL 

S.M.  Rosier  and  P.M.  de  F.  Forster 

Department  of  Meteorology,  University  of  Reading,  U.K. 

S.H. Rosierfireading.ac.uk 

The  effect  of  ozone  change  on  the  climate  is  investigated  using  the  Intermedi¬ 
ate  General  Circulation  Model  (IGCM)  developed  at  Reading.  Several  ozone 
change  experiments  have  been  performed,  ranging  from  simple  idealised  scenar¬ 
ios  to  rather  more  realistic  ozone  perturbations.  The  simpler  scenarios  investi¬ 
gate  the  effect  of  idealised  perturbations  to  the  ozone  profile  at  various  different 
altitudes,  whilst  the  more  realistic  experiments  include  (a)  employing  climato¬ 
logical  ozone  adjusted  to  fit  TOMS  observations  and  (b)  employing  observations 
of  ozone  change  throughout  the  depth  of  the  troposphere  and  stratosphere.  In 
each  case  the  effect  on  the  stratospheric  circulation  and  temperature  trends, 
both  in  the  stratosphere  and  at  the  surface,  is  examined. 


CHANGING  DISTRIBUTION  OF  TROPOSPHERIC  03  AND  ITS 
RADIATIVE  FORCING  OF  CLIMATE:  PAST,  PRESENT,  AND  FUTURE 

G.J.  Roelofs  and  J.  Lelieveld,  IMAU 

Institute  for  Marine  and  Atmospheric  Research,  Utrecht  University, 

Princetonplein  5,  3584  CC  Utrecht,  The  Netherlands 
E-mail:  roelofs@fys.ruu.nl.  Fax:  +31  30  2543163 

To  assess  the  possible  climate  effects  of  anthropogenically  enhanced  03  in  the 
troposphere,  it  is  essential  to  distinguish  the  contributions  by  natural  and 
anthropogenic  processes  to  the  03  distribution.  With  a  coupled  chemistry  -  general 
circulation  model  (ECHAM4),  we  calculate  the  contributions  to  tropospheric  Ch 
levels  by  stratosphere-troposphere  exchange  (STE)  and  by  photochemical 
production  in  the  troposphere  for  pre-industrial,  present-day  and  future  (IS92a) 
emission  scenarios.  The  model  simulates  background  tropospheric  CFL-CO-NO*- 
HOx  photochemistry,  emissions  of  CO  and  NO,  and  wet  and  dry  deposition.  The 
simulated  present-day  seasonality  of  surface  03  compares  well  with  observations. 
Stratospheric  03  contributes  significantly  to  the  seasonality  of  surface  03, 
especially  in  the  extratropical  SH  and  in  relatively  clean  areas  in  the  NH.  We 
calculate  an  annually  average  tropospheric  03  burden  of  190,  270,  and  332  Tg  03 
for  the  pre-industrial,  present-day,  and  future  scenarios,  respectively.  The 
contribution  of  03  from  stratospheric  origin  is  about  1 10  Tg  and  does  not  change 
significantly,  so  the  calculated  increase  of  03  is  associated  with  photochemical 
production  resulting  from  anthropogenic  emissions  of  03  precursors  The  Cb 
increase  maximizes  in  the  free  troposphere  where  03  lifetimes  arc  relatively  long 
compared  to  the  boundary  layer,  and  the  climate  effect  is  relatively  strong.  The 
calculated  radiative  forcing  at  the  tropopauze  is  0.38  W  m'2  for  the  present-day 
scenario  and  0.69  W  m*2  for  the  future  scenario. 
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THE  TIME  EVOLUTION  OF  TROPOSPHERIC  OZONE  RADIA¬ 
TIVE  FORCING 

D.S.  Stevenson  (1),  C.E.  Johnson  (2),  W.J.  Collins  (1),  R.G.  Derwent  (1), 
J.M.  Edwards  (2)  and  K.P.  Shine  (3) 

(1)  Atmospheric  Processes  Research,  Meteorological  Office,  London  Rd,  Brack¬ 
nell  RG12  2SZ  ,  (2)  Hadley  Centre  for  Climate  Prediction  and  Research,  Me¬ 
teorological  Office,  London  Rd,  Bracknell  RG12  2SZ  ,  (3)  Department  of  Me¬ 
teorology,  University  of  Reading,  PO  Box  243,  Reading  RG6  6BB. 
dstevensonCmeto.gov.nk/Fax:  [44]  1344  854493 

The  UK  Meteorological  Office  off-line  chemistry-transport  model  (STOCHEM) 
has  been  used  to  perform  3-D  simulations  of  the  atmospheric  composition  at 
various  times:  1860,  1950,  1970,  1990,  2015,  and  2050:  These  simulations  were 
carried  out  using  best  estimates  of  emissions  and  using  present  day  meteorolog¬ 
ical  fields  from  the  Hadley  Centre  AGCM.  The  model  includes  the  chemistry 
and  photochemistry  of  70  species,  including  CH4,  NOx,  CO  and  10  NMHCs,  in¬ 
cluding  isoprene,  and  dry  and  wet  deposition.  The  model  took  part  in  the  GIM 
model  inter-comparison,  and  produced  a  reasonable  simulation  of  present-day 
tropospheric  03.  Tropospheric  03  changes  since  1860  from  these  model  simula¬ 
tions  have  been  inserted  into  a  radiation  code,  to  calculate  the  time  evolution  of 
the  radiative  forcing  due  to  increases  in  tropospheric  03-  Aircraft  NOx  emis¬ 
sions  are  shown  to  have  a  significant  impact  on  upper  tropospheric  03  and 
radiative  forcing.  Further  simulations,  using  a  2xC02  meteorology,  suggest  a 
large  negative  feedback  of  the  climate  on  the  O3  change,  due  to  increased  tem¬ 
peratures  and  humidities,  and  changes  in  the  circulation. 


ST16  Stratosphere-troposphere-exchange 
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CORRECTION  FOR  PHASE  ERRORS  IN  LAGRANGIAN  MOD¬ 
ELLING  OF  TRACER  FILAMENTS 
Maarten  Ambaum  (1)  and  Oliver  Bujok  (2) 

(1)  K.N.M.J.,  De  Bilt,  The  Netherlands,  (2)  FZ-Julich,  Institut  fur 
Stratospharische  Chemie,  Germany. 

The  main  mechanism  of  mixing  of  chemical  species  in  the  stratosphere  is 
thought  to  be  a  combination  of  horizontal  advection  and  vertical  shear.  The  re¬ 
sult  of  this  mixing  is,  generally,  a  filamented  structure  of  the  tracer  fields,  both 
horizontally  and  vertically.  This  structure  has  been  confirmed,  for  example,  by 
various  in  situ  aircraft  measurements  and  balloon  soundings.  Recently,  efficient 
Lagrangian  based  modelling  tools  have  been  developed  to  asses  the  fine-scale 
structure  in  the  tracer  fields.  However,  these  tools  are  thought  to  be  of  limited 
importance  for  the  prediction  of  measurements  because  they  often  show  poor 
correlation  between  reconstructed  and  measured  tracer  concentration. 

We  show  that  the  main  sources  of  this  poor  correlation  are  phase  errors  in 
the  advected  structures  and  errors  in  the  determination  of  the  reconstructed 
tracer  field  at  the  exact  time  of  measurement.  This  .is  proven  by  correcting  for 
these  errors  through  a  process  of  optimization  (under  certain  constraints)  of  the 
correlation  between  measured  and  reconstructed  tracer  concentration  and  by 
explicitly  taking  into  account  the  exact  time  of  measurement.  After  these  cor¬ 
rections  the  linear  correlation  between  the  measurement  and  the  reconstruction 
may  be  higher  than  90%. 


FINE  STRUCTURE  OF  WATER  VAPOUR  TRANSPORT  AT  THE 
POLAR  VORTEX 

R.  Alfier  (1),  S.  Pawson  (1,2)  and  K.  Ketelsen  (3) 

(1)  Institut  fur  Meteorologie,  Freie  Universitut  Berlin,  D-12165  Berlin,  Ger¬ 
many,  (2)  Universities  Space  Research  Association,  Greenbelt,  USA,  (3)  Cray 
Research  Inc.  Mvinchen,  Germany. 

alfier<lstrat01.B®t.fu-b«rlin.de/Fax:  [+49]  30  838  71167 
The  fine  structure  of  water  vapour  transport  at  the  edge  of  the  polar  vortex 
in  northern  winter  has  been  investigated  with  a  3-dimensional  model.  The  ex¬ 
periments  were  performed  with  a  primitive  equation  mechanistic  model.  It  was 
forced  using  observed  200hPa  geopotential  height  fields  for  typical  dynamical 
situations  in  wintertime.  It  has  been  run  with  coupled  chemistry,  using  an  ac¬ 
curate  semi- Lagrangian  transport  scheme  at  a  horizontal  resolution  of  1.4°  x 
1.4*  and  a  vertical  resolution  of  1.4km.  The  fine  structure  of  the  water  vapour 
fields  near  the  polar  vortex  edge  are  examined.  The  contributions  of  chemical 
and  dynamical  processes  are  investigated. 


LAGRANGIAN  CLIMATOLOGY  OF  A  SIMPLIFIED  GENERAL 
CIRCULATION  MODEL 

M.  Bagliani  (1),  K.  Fraedrich  (1),  J.  von  Hardenberg  (2)  and  F.  Lunkeit  (1) 
(1)  Meteorologisches  Institut,  Universitat  Hamburg,  Bundestra6e  55,  20146 
Hamburg,  Germany,  (2)  CNR,  Istituto  di  Cosmo-Geofisica  di  Torino,  C.  Fi- 
ume  10,  10100  Torino,  Italy  . 

We  investigate  the  Lagrangian  climatology  of  a  Simplified  General  Circulation 
Model.  The  model  integrates  directly  the  primitive  equations  for  the  atmo¬ 
spheric  fluid  on  a  sphere.  It  make  the  assumption  of  dry  air  and  consider  no 
orography.  Simple  linear  parametrizations  are  used  to  describe  dissipative  and 
radiative  processes. 

Lagrangian  tracers  have  been  seeded  on  isentropic  surfaces  in  the  Eulerian  field 
and  their  trajectories  have  been  integrated  in  time,  both  using  an  isentropic 
2D  approximation  and  using  full  3D  advection. 

We  discuss  the  presence  of  barriers  to  transport  and  the  possibilities  of  in- 
teremispheric  and  troposphere-stratosphere  exchanges.  Measure  of  the  absolute 
meridional  dispersion,  spectra  and  histograms  of  tracers  velocity  allow  to  inves¬ 
tigate  the  different  dynamic  Lagrangian  behaviours  for  the  regions  separated 
by  barriers. 

To  explore  the  role  of  seasonal  forcing,  we  compare  simulations  with  annual 
cycle  with  perennial  spring  runs.  From  the  comparison  of  Lagrangian  velocities 
histograms  arises  that  the  application  of  seasonal  forcing  does  not  change  sig¬ 
nificantly  the  mean  dynamics  simulated  by  the  model.  This  result  is  confirmed 
by  the  evaluation  of  Lagrangian  velocities  power  spectra. 
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LITHOSPHERIC  STRUCTURE  BENEATH  THE  SOUTHERN 
FRENCH  ALPS  INFERRED  BY  BROAD-BAND  ANALYSIS. 

E.  Bertrand  and  A.  Deschamps 

Geosciences  Azur,  CNRS-UNSA,  250  Rue  Albert  Einstein,  06560  Valbonne  - 
France. 

bartrandCfailla.unica.fr/Fax:  (33)  4  93  65  27  17 

We  present  the  preliminary  results  of  a  field  experiment  made  as  part  of  the 
GeoFrance  3D  Alpes  programme.  During  this  passive  seismological  experiment, 
broad-band  stations  (CMG40  and  CMG3)  were  set  up  during  periods  of  3-4 
months  at  different  sites  to  complete  the  recently  installed  TGRS  and  ROSALP 
broad-band  networks  in  the  french  Alps.  We  analyse  teleseism ic  P- waves  and 
their  coda  in  order  to  constrain  the  lithospheric  structure  beneath  the  western 
Alps.  W'e  take  advantage  of  the  three  components  to  compute  Receiver  Function 
isolating  by  the  way  the  local  Earth  structure  response  beneath  each  station. 
The  functions  are  inverted  (in  shape  and  amplitude)  to  recover  the  vertical 
variation  of  the  waves  velocities  up  to  50  km.  Furthermore,  we  are  looking  for 
a  model  below  50  km  by  stacking  data  from  different  events  to  increase  the 
signal- to- noise  ratio  of  the  450-  and  650  km  discontinuities.  The  short  distance 
between  the  station  gives  us  a  good  control  on  the  lateral  variations  of  the 
lithospheric  structure  which  we  try  to  relate  to  the  geodynamical  context  of 
the  region. 


ISENTROPIC  AND  THREE-DIMENSIONAL  TRAJECTORIES  NEAR 
THETROPOPAUSE 

M,Bithell  and  L  J.  Gray 

Rutherford  Appleton  Laboratory,  Chilton,  Didcot,  Oxon,  OXll  0QX, 
ENGLAND 

M.BitheU  @  rlac.uk  /Fax:  +44  (0)  1235  445848 

The  effect  of  including  three  dimensional  motion  near  the  tropopause 
onstratosphere  troposphere  exchange  is  investigated  using  isentropic  and 
three  dimensional  trajectories.  Recent  work  has  suggested  that  the 
differences  between  two  and  three  dimensional  motion  may  be  important  on 
a  seasonal  timescale  (Eluskiewicz,  Geophysical  Research  Letters  23,19%). 
Here  we  show  that  where  diabatic  processes  take  parcels  through  the  region 
of  large  vertical  shear  near  the  mid-latitude  jet,  the  effect  on  the  shape  of 
small  scale  structures,  such  as  tropopause  folds,  is  significant  even  on 
timescales  of  a  few  days.  This  suggests  that  a  proper  treatment  of 
stratosphere  troposphere  exchange  mechanisms  near  to  the  tropopause 
requires  a  full  three-dimensional  treatment. 


Heterogeneous  chemistry  in  the  tropopause  region 
Stephan  Borrmann 

Institut  fuer  Chemie  und  Dynamik  der  Geosphaere  l,  Forschungszentrum  Juelich, 
52428  Juelich,  Germany,  s.borrmann@fz-juelich.de,  fax. :+49-246 1-615346 

This  presentation  elaborates  on  the  possibility  of  chlorine  activating  heterogeneous 
chemistry  in  the  tropopause  region  occurring  on  cirrus  cloud  crystals,  supercooled 
droplets,  layers  of  increased  numbers  of  small  aerosol  particles;  and  solution  droplets 
of  the  upper  tropospheric  background  aerosol.  The  high  water  vapor  content,  low 
temperatures,  and  slow  photochemical  recovery  times  near  the  tropopause  make  this 
region  susceptible  to  heterogeneous  processing  Just  as  the  extreme  cold  temperatures 
over  the  poles  do  for  dryer  air  at  higher  altitudes.  A  detailed  2-D  model  study  by 
Solomon  et  al.,  1997,  revealed  that  heterogeneous  chemistry  on  the  aerosol  of  the 
tropopause  region  could  make  a  significant  contribution  to  the  ozone  depletion  in 
northern  mid-latitudes.  Input  for  these  model  calculations  are  climatological  SAGE  II 
satellite  observations  of  cirrus  cloud  optical  depths  and  cloud  occurrence  frequencies 
from  1988  and  1989,  i.e.,  years  of  relative  volcanic  quiescence.  Because  of  variations 
in  observed  cloud  occurrence  frequency  and  in  photochemical  and  dynamical 
timescales,  die  presence  of  cirrus  clouds  likely  has  its  largest  effect  on  ozone  near  the 
northern  hemispheric  midlatitude  tropopause.  There  the  low  background  CIO  mixing 
ratios  could  be  enhanced  by  heterogeneous  reactions  by  factors  of  30,  according  to  the 
model  results.  Since  the  reformation  of  HC1  is  a  very  slow  process  in  the  lowermost 
stratosphere,  the  relaxation  of  CIO  to  the  clear  sky  background  abundances  can  take 
hours  to  days  depending  on  latitude  and  season.  Thus,  elevated  CIO  might  persist 
longer  than  the  cloud  event  itself.  Due  to  the  lack  of  chlorine  nitrate,  HCl,  and  CIO 
observations  the  discussed  processes  have  to  be  considered  as  hypothetical.  However, 
consideration  of  upper  tropospheric  heterogeneous  chemistry  might  contribute  to 
explain  the  shape  of  the  vertical  ozone  depletion  profile. 


A  CLIMATOLOGY  OF  STRATOSPHERE  -  TROPOSPHERE 
OZONE  EXCHANGE  FOR  THE  ATLANTIC  -  EUROPEAN  SEC¬ 
TOR 

M.  Bourqui,  H.  Wernli  and  D.  Brunner 

Institute  for  Atmospheric  Science,  ETH  Honggerberg,  CH-8093  Zurich,  Switzer¬ 
land. 

bourquiCatnos . umnv . et hz . ch 

Quantification  of  stratosphere- troposphere  transport  is  fundamental  to  the 
study  and  modelling  of  tropospheric  and  stratospheric  chemistry.  Here  the  an¬ 
nual  distribution  of  upward  and  downward  ozone  fiux  across  the  tropopause 
is  estimated  in  the  4G<>-600  latitude  band  covering  the  Atlantic  and  Europe 
sectors  for  the  period  May  95-May  96.  The  study  is  based  upon  aircraft  mea¬ 
surements  (NOXAR  project)  and  a  pseudo- Lagrangian  trajectory  calculation 
model  using  ECMWF  analysed  data.  The  focus  is  on  strong  exchange  events 
involving  trajectories  directly  crossing  the  2PVU-tropopause,  and  ozope  mass 
conservation  along  trajectories  is  assumed.  This  method  delivers  estimates  of 
the  means  of  the:  exchange  probabilities;  ozone  concentration  of  the  exchanged 
masses;  origin  and  destination  pressure  levels  of  the  exchanged  parcels.  The 
mean  O3  vol.  mixing  ratios  of  exchanged  masses  possess  a  nice  structure  and 
the  mean  exchange  probabilities  appear  to  be  qualitatively  well  correlated  with 
a  yearly  averaged  tropopause  cut-off  probability  calculated  with  ECMWF  data. 


MIXING  OF  TROPOSPHERIC  AIR  INTO  THE  MID-LATITUDE 
STRATOSPHERE  AND  ITS  ROLE  IN  ATMOSPHERIC  CHEM¬ 
ISTRY 

A.  Bregman  and  J.  Lelieveld 

Institute  of  Marine  and  Atmospheric  Research  Utrecht,  PrincetonpleinS,  3384 
CC  Utrecht,  The  Netherlands. 

During  recent  years  high  resolution  in-situ  observations  of  a  variety  of  trace 
gases  have  been  carried  out  at  northern  mid-latitudes  in  the  tropopause  re¬ 
gion  in  the  framework  of  the  Stratosphere  Tropopshere  Experiment  by  Aircraft 
Measurements  (STREAM)  project.  Trace  gas  and  particle  distributions  in  the 
lowermost  stratosphere  will  be  discussed.  The  dependence  of  these  distribu¬ 
tions  on  season  will  be  shown,  including  evidence  of  significant  mixing  from 
tropospheric  air  into  the  lowermost  stratosphere.  In  addition,  implications  of 
these  mixing  processes  for  atmospheric  chemistry  will  be  demonstrated  with 
results  from  a  three-dimensional  Chemistry-Transport  Model. 


MICROWAVE  LIMB-SOUNDING  OF  WATER  VAPOR  IN  THE 
TROPOPAUSE  REGION 

S.  A.  Buhler  and  K.  Kiinzi 

Institute  of  Remote  Sensing,  University  of  Bremen,  D-28359  Germany. 
stefan.buehIerCtini-bremen.de/Fax:  [49]  421  218  4555 

Microwave  limb-sounding  is  a  very  promising  technique  for  global  measure¬ 
ments  of  water  vapor  in  the  lower  stratosphere  and  upper  troposphere.  How¬ 
ever,  the  interpretation  of  data  from  the  tropopause  region  is  not  as  easy  as  at 
higher  altitudes.  Firstly,  the  linear  approximation  is  not  valid  at  low  tangent 
altitudes,  due  to  the  high  water  vapor  absorption.  Secondly,  cirrus  clouds  have 
an  impact  on  the  measurements,  which  is  difficult  to  model. 

We  are  presenting  a  case  study  based  on  data  taken  by  the  Millimeter  wave 
Atmospheric  Sounder  (MAS)  instrument  during  the  ATLAS  1  Space  Shuttle 
mission  in  March  1992.  Care  has  been  taken  to  separate  data  with  and  without 
cirrus  cloud  contamination.  The  cloud  information  was  taken  from  the  Meteosat 
Cloud  Analysis  (CL A)  data  product.  The  MAS  data  is  compared  to  the  GEOS- 
1  Multiyear  Assimilation  Data  Set,  issued  by  the  Data  Assimilation  Office  at 
Goddard  Space  Flight  Center.  The  GEOS  data  set  contains  global  water  vapor 
fields,  four  times  daily,  up  to  20  hPa.  The  comparison  indicates  that  the  GEOS 
data  is  significantly  too  high  at  altitudes  above  the  tropopause. 

A  comparison  of  the  MAS  data  with  radiosonde  measurements  available  from 
the  UK  MO  is  also  presented. 
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EXPERIMENTAL  EVIDENCE  FOR  THE  EXISTENCE  OF  A 
VERY  LOWERMOST  STRATOSPHERE 

O.  Bujok  (1),  N.  Eicke  (2),  A.  Engel  (3,*),  J.  Lelieveld  (4),  D.  S.  McKenna  (5), 
C.  Schiller  (6)  and  M.  Zoger  (7) 

(1,2, 3, 5,6,7)  Institut  fur  Stratospharische  Chemie,  Forschungszentrum  Jiilich, 
Jiilich,  D-52425  Germany,  (4)  Institute  for  Marine  and  Atmospheric  Sciences, 
University  of  Utrecht,  Utrecht,  The  Netherlands  3584  CC,  (*)  now  at  Institut 
fur  Meteorologie  und  Geophysik,  Universitat  Frankfurt,  Frankfurt,  D-60054 
Germany. 

o .bujokCfz-juelich.de/Fax:  [49]  2461  615346 

The  gross  transport  of  tropospheric  air  into  the  stratosphere  occurs  in  the 
tropics  through  the  Brewer-Dobson  circulation.  Nevertheless,  there  are  also  ex¬ 
perimental  and  theoretical  findings  for  the  direct  impact  of  the  troposphere 
on  the  extratropical,  lowermost  stratosphere  in  the  course  of  near-tropopause 
phenomena  such  as  penetrative  cumulus  convection  or  small-scale  mixing  as¬ 
sociated  with  upper  level  fronts  and  cyclones.  However,  little  is  known  on  the 
penetration  depth  of  this  direct  impact  and  its  geographical  variations  nor  on 
the  persistence  of  these  tropospheric  imprints  in  the  stratosphere. 

In  this  paper,  we  will  examine  tracer-tracer-correlations  from  recent  measure¬ 
ments  in  the  extratropical  tropopause  region.  These  correlations  strongly  indi¬ 
cate  the  existence  of  a  direct  troposhere-to-stratosphere  transport  establishing 
an  exchange  layer  just  above  the  tropopause.  The  depth  of  this  very  lowermost 
stratosphere  varies  considerably  as  a  function  of  the  geographical  location  and 
exhibits  a  maximum  in  the  vicinity  of  the  mid-latitude  jet  stream. 


ON  THE  USE  OF  THE  RDF-TECHNIQUE  FOR  THE  INTERPRE¬ 
TATION  OF  HIGH-RESOLUTION  TRACER  MEASUREMENTS 
IN  THE  TROPOPAUSE  REGION:  A  CASE  STUDY 

O.  Bujok  and  D.  S.  McKenna 

Institut  fur  Stratospharische  Chemie,  Forschungszentrum  Jiilich,  Jiilich, 
D-52425  Germany. 

o. bujokOfz-juelich.de/Fax:  [49]  2461  615346 

Subsynoptic  and  mesoscale  flow  features  at  tropopause  levels  pre-dominantly 
occur  during  stratospheric  intrusions.  These  features  are  likely  to  result  from 
the  formation  of  filaments  of  air  masses  being  either  rolled-up  or  elongated 
in  the  presence  of  a  background  wind  shear.  With  the  recent  introduction  of 
model  techniques  like  reverse-domain-filling  (RDF)  there  has  been  an  enor¬ 
mous  progress  in  the  modelling  of  filamentary  structures  observed  by  tracer 
measurements. 

In  this  paper,  we  will  discuss  the  correspondence  between  experimental  data 
and  the  results  produced  by  the  RDF-technique  on  the  basis  of  a  detailed 
case  study.  For  the  specific  case,  rich  and  coherent  subsynoptic  mesoscale  fea¬ 
tures  has  been  observed  by  satellite-borne  water  vapour  images  and  airborne 
tracer  measurements  in  the  polar  frontal  region  during  a  strong  stratospheric 
intrusion.  It  is  shown  that  the  potential  vorticity  reconstructed  via  the  RDF- 
method  reveals  filamentary  structures  that  correlates  with  features  seen  by 
tracer  measurements  not  only  regarding  positioning  but  also  regarding  ampli¬ 
tude.  Sensitivity  studies  were  carried  out  to  demonstrate  the  possibilities  for 
the  optimization  of  the  RDF-method  and  the  limitations  of  its  applicability. 


STRATOSPHERE-TROPOSPHERE  EXCHANGES  ACROSS  THE 
POTENTIAL  VORTICITY  BARRIER  OF  THE  SUBTROPICAL 
JET  AS  SEEN  WITH  MOZAIC-OZONE  MEASUREMENTS 

J.-P.  Cammas,  S.  Jacoby-Koaly,  K.  Suhre,  R.  Rosset  and  A.  Marenco 
Laboratoire  d’Aerologie  (UMR  CNRS/UPS  5560),  14,  Ave.  E.  Belin,  F-31400 
Toulouse. 

The  existence  and  the  efficiency  of  the  subtropical  potential  vorticity  (PV)  bar¬ 
rier  inhibiting  the  stratosphere-troposphere  exchanges  between  the  lowermost 
extratropical  stratosphere  and  the  upper  equatorial  troposphere  are  investi¬ 
gated  using  Measurements  of  OZone  by  Airbus  in-service  AIrCraft  (MOZAIC). 
Among  the  episodes  of  high  ozone  content  encountered  along  MOZAIC  flight 
tracks  over  Central  Atlantic,  only  those  having  mixing  ratio  peak  values  ex¬ 
ceeding  100  ppbv  are  considered.  The  ozone  episodes  that  have  sub-synoptic  to 
synoptic  lengths  (>  100  km)  are  all  located  north  of  15-20°N,  which  corresponds 
to  the  mean  latitude  of  the  dynamical  barrier  due  to  the  strong  isentropic  PV 
gradient  on  the  cyclonic  shear  side  of  the  subtropical  jet  core.  Inversely,  all 
the  ozone  episodes  having  shorter  length  scales  (a  few  km  to  100  km)  are  lo¬ 
cated  south  of  the  subtropical  barrier  within  the  upper  equatorial  troposphere. 
These  ozone-rich  transients  carry  ozone  mixing  ratio  that  are  comparable  to 
that  of  their  isentropic  layer  when  embedded  in  the  lowermost  extratropical 
stratosphere.  The  occurence  of  so  many  ozone-rich  transients  southward  of  the 
subtropical  barrier  and  in  such  an  isentropic  layer  prompts  to  revisit  our  ideas 
on  the  efficiency  of  the  barrier  against  isentropic  exchanges  and  small-scale 
mixing  processes. 


LIFE  CYCLE  OF  A  TROPOPAUSE  FOLD. 

J.-P.  Cammas  (1),  F.  Ravetta  (2)  and  G.  Ancellet  (2) 

(1)  Laboratoire  d’Aerologie  (UMR  CNRS/UPS  5560),  14,  Ave.  E.  Belin,  F- 
31400  Toulouse,  (2)  Service  d’Aeronomie,  Universite  Paris  6,  B102,  4,  PI. 
Jussieu,  75230  Paris  Cedex  05;. 

This  presentation  is  a  diagnostic  study  of  the  whole  life  cycle  of  a  tropopause 
fold,  from  the  initiation  through  the  tropospheric  fossilization.  The  case  study 
occured  in  February  1997  during  a  shared  period  of  two  experimental  projects: 
TOASTE-C  (Transport  of  Ozone  and  Stratosphere-Troposphere  Exchanges) 
and  FASTEN  (Fronts  and  Atlantic  Storm  Tracks  Experiment).  The  reinforce¬ 
ment  of  the  observations  on  the  eastern  coasts  of  the  United  States  and  over 
the  Atlantic  Ocean  for  the  FASTEX  experiment  allowed  the  initiation  phase 
to  be  well  captured  over  New  Foundland  (Canada)  by  the  ARPEGE  (Meteo- 
France)  global  scale  analysis  system.  With  guidance  based  on  successive  diag¬ 
noses  derived  from  the  72-h,  48-h  and  24-h  forecasts  of  the  ARPEGE  model, 
a  french  research  aircaft  (ARAT/INSU)  equipped  with  the  Airborne  Lidar  for 
Tropospheric  Ozone  (ALTO)  has  flown  south  of  Ireland  and  over  the  Biscay 
Bay  to  sample  the  tropopause  fold  before  its  landfall  over  western  Europe.  As 
expected,  lidar  observations  showed  a  thin  mid-tropospheric  layer  with  ozone 
mixing  ratio  about  60-80  ppbv.  After  documenting  the  tropopause  fold  life 
cycle  and  discussing  the  ozone  observations,  the  presentation  will  finish  with 
perspectives  to  evaluate  stratosphere-troposphere  exchange  in  this  case. 


THE  RADIATIVE  CONSTRAINT  ON  TROPOPAUSE  HEIGHT 
G.C.  Craig  and  J.  Thubum 

Dept,  of  Meteorology,  University  of  Reading,  PO  Box  243,  Reading  RG6  6BB, 
UK. 

G.C.CraigQReading.&c.uk/Fax:  +44  118  931  8905 

The  height  of  the  tropopause  is  determined  by  a  combination  of  radiation  and 
dynamics.  It  was  proposed  by  Held  (1982,  J.  Atmos.  Sci.)  that  these  effects 
might  be  decoupled  into  radiative  and  dynamical  constraints,  each  relating  the 
height  of  the  tropopause  to  the  tropospheric  temperature  lapse  rate.  A  simple 
model  based  on  Held's  radiative  constraint  was  tested  by  Thubum  and  Craig 
(1996,  J.  Atmos.  Sci.)  in  a  number  of  experiments  using  a  full  atmospheric 
general  circulation  model  (GCM),  and  found  to  give  good  agreement.  Further 
analysis  of  the  simple  model  shows  the  radiative  constraint  to  be  a  consequence 
of  the  fact  that  the  lower  stratosphere  is  close  to  radiative  equilibrium,  thereby 
constraining  the  tropopause  temperature.  This  understanding  of  the  simple 
model  has  been  verified  directly  using  a  more  detailed  radiative  transfer  code, 
and  generalised  to  predict  the  dependence  of  tropopause  height  on  shortwave 
radiative  heating  and  dynamically-driven  vertical  motions  in  the  lower  strato¬ 
sphere.  These  predictions  were  tested  against  further  GCM  experiments  which 
varied  the  apparent  momentum  source  in  the  stratosphere. 


WATER  VAPOUR  TRANSPORT  ASSOCIATED  WITH  THE  ASIAN  SUMMER 
MONSOON 

A.Dethofm.  A.  O’Neill  (1)  and  J.  Slingo  (l) 

(1)  Department  of  Meteorology,  University  of  Reading,  UK 
antje@  met.reading.ac.uk 

This  study  employs  ECMWF  Re-Analysis  data  to  investigate  the  water  vapour 
distribution  in  the  upper  troposphere.  Water  vapour  is  the  primary  greenhouse  gas  and 
understanding  the  processes  which  determine  its  distribution  and  transport  is  crucial. 
Of  special  interest  is  the  exchange  of  water  vapour  across  the  tropopause.  Our  study 
considers  how  the  Asian  summer  monsoon  affects  the  moisture  budget  of  the  upper 
troposphere  and  lower  stratosphere.  We  find  that  the  region  of  the  Asian  summer 
monsoon  is  a  significant  moisture  source  for  the  upper  troposphere  outside  the  deep 
tropics.  Monsoon  convection  moistens  the  region  of  upper  level  monsoon  anticyclone 
which  is  located  close  to  the  tropopause  break  where  isentropes  slope  from  the 
troposphere  into  the  stratosphere.  An  isentropic  analysis  shows  that  transport  from  the 
troposphere  into  the  stratosphere  in  this  region  is  normally  prevented  by  strong 
potential  vorticity  gradients  around  the  tropopause.  However,  midlatitude  synoptic 
disturbances  occasionally  interact  with  the  monsoon  anticyclone  and  pull  filaments  of 
tropospheric  air  off  the  northern  flank  of  monsoon  anticyclone.  These  filaments, 
characterised  by  high  values  of  humidity  and  low  values  of  potential  vorticity,  can 
extend  far  into  the  extratropical  northern  stratosphere.  Our  case  study  constructs  a  3- 
dimensional  picture  of  the  water  vapour  transport  associated  with  these  filaments,  and 
their  interannua!  variability  is  investigated. 
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THE  DRY  LOWERMOST  STRATOSPHERE  IN  THE 
ARCTIC  WINTER:  EVIDENCE  FOR  LOCAL  DEHY¬ 
DRATION 

N.  Eicke(l),  0.  Bujok(l),  H.  Fischer(2),  D.S.  McKenna(l),  C.  SchiUer(l),  H. 
Schlager(3)  and  M.  Zoger(l) 
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Measurements  of  H2O  have  been  performed  during  the  Polar  Stratospheric 
Aerosol  Experiment  (POLSTAR)  in  January/  February  1997  in  Kiruna 
20°£’68°jV  in  order  to  investigate  possible  condensation  processes  in  the 
tropo pause  region  of  the  Arctic.  Correlations  between  water  vapour  and  trace 
gases  as  A'oO,  CO  and  O3  will  be  shown  in  this  paper  and  compared  to  those 
obtained  at  different  latitude  and  season.  A  linear  correlation  between  H2O 
and  e.g.  CO  was  found  in  the  lower  stratosphere  for  most  of  the  flights.  During 
these  flights,  the  relative  humidity  was  about  25%  or  less  in  the  lower  strato¬ 
sphere.  However,  deviations  from  this  correlation  found  on  two  days  indicate 
evidence  for  dehydration  in  the  tropopause  region:  In  these  special  situations 
the  H2O  mixing  ratio  was  close  to  or  above  the  saturation  mixing  ratio.  This 
mechanism  might  be  important  to  explain  the  dryer  lowermost  stratosphere  in 
the  Arctic  winter  compared  to  other  locations  and  seasons. 


VOTALP:  OBSERVATION  AND  SIMULATION  OF  A  STRATO¬ 
SPHERIC  INTRUSION  EVENT  OVER  THE  ALPS 

H.  Feldmann  and  M.  Memmesheimer  (EURAD,  Universitat  Koln) 

A.  Stohl  (Ludwig  Maximilian  Universitat,  Miinchen),  T.  Trickl  (Fraunhofer 
Institut,  Garmisch-Partenkirchen),  P.  Bonasoni  (C.N.R  FISBAT,  Bologna),  H. 
Gaeggeler  (Paul  Scherrer  Inst.,  Villigen),  VV.  Graber  (Universitat  Bern),  H. 
Kromp-Kolb  (Universitat  fur  Bodenkultur,  Vienna) 

The  aim  of  the  VOTALP  project  (Vertical  Ozone  Transports  over  the  ALPs) 
is  to  study  the  various  aspects  of  the  ozone  distribution  over  the  Alps. 

One  major  focus  of  V'OTALP  is  to  study  the  influence  ofstatospheric  intrusions 
on  the  ozone  at  the  Alpine  peak  level.  The  project  combines  observations 
at  Alpine  peaks,  LIDAR  measurements  at  Garmisch-Partenkirchen,  vertical 
soundings  and  model  simulations. 

For  a  special  episode  in  May/June  1996  a  stratospheric  intrusion  crossing 
the  Alps  has  been  analysed.  The  measurements  show  an  increase  of  ozone  at 
the  peaks  in  combination  with  low  humidity  and  high  Be7  concentrations. 
This  episode  has  been  simulated  with  the  EURAD  model.  This  model  system 
consists  of  the  NCAR  MM5  mesoscale  meteorological  model  (version  5)  and  the 
EURAD-CTM  chemistry  transport  model.  The  model  simulations  have  been 
performed  to  study  the  transport  of  ozone  and  stratospheric  tracers  towards 
the  Alps.  Special  emphasis  is  laid  on  the  further  fate  of  the  air  masses  which 
have  entered  the  middle  an  lower  troposhere  under  anticyclonic  conditions 
with  subsidence.  Trajectory  and  budget  calculations  will  be  presented  as  well 
as  a  comparison  of  simulated  and  observed  data. 


RADIATIVE  DECAY  OF  STRATOSPHERIC  LAMINAE  IN  THE  “ 
TROPOSPHERE 

C.  Forster  and  V.  Wirth 

Meteorologisches  Institut,  Universitat  Munchen,  Theresienstrafle  37,  80333 
Munchen,  Germany. 
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Sometimes  layers  of  air  are  observed  in  the  troposphere  which  are  stratospheric 
in  most  regards  but  which  are  lacking  a  significant  high  potential  vortidty  (PV) 
signature.  It  has  been  suggested  that  this  may  be  a  result  of  radiation,  since 
radiation  affects  PV  but  leaves  ozone  and  humidity  unchanged.  In  this  paper, 
the  radiative  decay  of  idealized  stratospheric  laminae  located  in  a  standard 
midlatitude  troposphere  is  investigated  numerically  using  a  realistic  radiation 
scheme.  The  laminae  are  characterized  by  high  values  of  PV  with  a  Gaussian 
profile  in  the  vertical  and  corresponding  signatures  in  humidity  and  ozone. 
Initially  the  PV-anomalies  decay  with  a  characteristic  time  scale  of  a  few  days, 
but  later  the  decay  slows  down  considerably.  At  later  times  radiative  cooling 
renders  the  upper  part  of  the  laminae  convectively  unstable.  For  laminae  with 
finite  horizontal  extent  the  change  in  aspect  ratio  is  studied.  The  results  are 
compared  with  those  from  a  simple  analytical  model,  which  has  been  used 
before  in  the  context  of  stratospheric  filaments. 


LIDAR  AEROSOL  MEASUREMENTS  SHOWING  THE  STRATI¬ 
FIED  STRUCTURE  OF  THE  ANTARCTIC  POLAR  VORTEX  IN 
THE  SPRING  OF  1992 

S.  Godin,  V.  Bergeret,  S.  Bekki,  C.  David  and  A.  Hauchecorne 
Service  d’Aeronomie  du  CNRS,  Paris,  France, 
sophie . godinCaero . j  us  s ieu . t r 

The  decay  of  the  Mt.  Pinatubo  volcanic  cloud  was  monitored  from  1991  to 
1994  by  a  ground-based  backscatter  lidar  system  implemented  at  the  Antarctic 
station  of  Dumont  d’Urville  (66  4  S,  140  E).  During  winter  and  springtime, 
the  location  of  the  station  at  the  periphery  of  the  Antarctic  continent  allows 
to  sample  air  inside  or  outside  the  vortex  within  very  short  periods  of  time. 
The  aerosols  measurements  performed  in  the  spring  of  1992,  a  period  when 
the  vortex  was  deformed  by  planetary  waves  and  slanted  with  respect  to  the 
vertical  direction,  allow  to  clearly  visualise  the  stratified  structure  of  the  vortex. 
These  observations,  analysed  in  equivalent  latitude  at  various  altitude  levels 
will  be  detailed  in  the  presentation,  together  with  ozone  sondes  measurements 
performed  in  the  same  conditions.  A  high  resolution  PV  advection  model  will 
also  be  used  to  evaluate  possible  mixing  with  low  latitudes  regions  in  the  lower 
stratosphere. 


CASE  STUDY  OF  A  CUT-OFF  LOW  DURING  TOASTE-C  CAMPAIGN  . 

Herve  Gouget  and  Geraint  Vaughan,  Physics  Dept,  Aberystwyth  Wales,  UK. 

Abstract  :  The  purpose  of  this  work  is  to  evaluate  the  relative  contribution  of  different 
processes  which  can  lead  to  the  mixing  of  stratospheric  air  initialy  contained  in  a  cut-off  low 
into  the  troposphere.  The  paper  is  based  on  a  case-study  of  a  cut-off  low  that  occured  during 
the  TOASTE-C  campaign  in  JUNE  1996. 

The  approach  taken  is  to  study  the  evolution  of  potential  vorticity  along  trajectories 
initialised  in  the  low.  Ozone  measurements  by  MOZAIC  are  used  to  check  that  the  initial  and 
final  PV  distributions  may  be  compared  (i.e.  the  03/PV  ratio  in  the  stratosphere  is  similar  and 
the  position  of  PV  gradients  match  those  in  ozone).  Since  a  decrease  of  PV  along  a  trajectory 
can  occur  through  diabatic  processes  or  mixing,  3-D  and  isentropic  2-D  ajectory  calculations 
were  compared  to  ascertain  the  validity  of  isentropic  assumption. 

Having  verified  this  validity,  isentropic  trajectories  were  calculated  at  310  K  and 
320  K.  Comparisons  between  ECMWF  PV  fields  and  MOZAIC  ozone  measurements  showed 
that  the  PV  fields  on  the  1 4th  and  on  the  22nd  of  June  1996  were  reliable.  When  comparing 
PV  in  the  cut-off  low  on  the  14th  and  on  the  22nd.  a  clear  PV  decay  appears  at  both  levels. 
Convective  erosion  seems  to  be  responsible  for  the  mixing  at  310  K.  At  320  K.  the  vertical 
component  is  less  likely  to  be  responsible  for  the  mixing,  and  a  horizontal  mixing  occuring  in 
the  region  of  the  jet  seems  to  be  predominant. 


MERIDIONAL  TRANSPORT  OF  OZONE  IN  THE  LOWER  STRATOPHERE 
AT  MIDDLE  LATITUDES:  LIDAR  OBSERVATIONS  AND  SIMULATION 
WITH  A  HIGH  RESOLUTION  ADVECTION  MODEL 

A.  Hauchecorne.  S.  Godin  and  C.  Souprayen 

Service  d’A6ronomie  du  CNRS,  BP3,  91371  Verri6res-le-Buisson  Cedex, 
France,  hauchecorne@aerov.jussieu.fr 

The  observed  decrease  of  ozone  during  the  last  15  years  in  the  middle 
latitude  lower  stratosphere  is  still  not  well  understood.  One  of  the  possible 
causes  of  decrease  is  the  transport  of  polar  air  depleted  in  ozone  which 
occurs  in  laminae  formed  at  the  edge  of  the  wintertime  polar  vortex.  The 
signature  of  such  filamentation  events  as  well  as  the  signature  of  subtropical 
intrusions  are  clearly  visible  in  the  vertical  profiles  of  the  ozone  Lidar  set-up 
at  Observatoire  de  Haute-Provence  (44N,  6E).  A  high  resolution  model  of 
advection  of  potential  vorticity  on  isentropic  surfaces  has  been  developed  in 
the  preparation  to  the  European  THESEO  campaign  in  1998/99.  The  model 
will  be  presented  and  the  results  of  a  simulation  made  for  the  case  of 
January  1997,  where  a  polar  filament  and  a  subtroppical  intrusion  were 
successively  observed  by  the  ozone  lidar,  will  be  shown. 
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QUANTIFICATION  OF  LOWER  STRATOSPHERIC  MIXING 
PROCESSES  USING  AIRCRAFT  DATA 

P.H.  Haynes  and  M.G.  Balluch 
DAMTP,  University  of  Cambridge,  UK. 

P.H.HaynesCdantp.cam. ac.uk/Fax:  [+44]  1225-337918 

Quantitative  bounds  on  the  strength  of  lower  stratospheric  mixing  processes, 
represented  by  a  vertical  diffusivity  D  are  estimated  from  high-resolution  tracer 
data  collected  in  recent  aircraft  campaigns.  A  first  approach  based  on  identi¬ 
fying  small-scale  features  and  requiring  that  D  be  sufficiently  small  that  such 
features  can  survive  suggests  that  D  can  be  no  larger  than  10“2m3s“l  and  is 
perhaps  considerably  less.  A  second  approach  based  on  identifying  features  that 
are  partially  mixed  implies  a  value  of  D  of  1.4  x  10  “m*s  l.  Comments  will 
be  made  on  the  disagreement  between  these  results  and  those  deduced  from 
radar  studies  which  have  suggested  a  value  of  D  of  around  2  x  10“lm3s_1. 
Some  implications  for  observed  tracer  spectra  will  also  be  discussed. 


Analysis  of  the  Seasonal  Transport  of  Ozone  and  Water 
Vapor  into  the  Lower  Stratosphere 

P.  Hess  (National  Center  for  Atmospheric  Research,  P.O.  Box 
3000,  Boulder,CO  80307-3000,  U.S.A) 

The  composition  of  the  lowermost  stratosphere  is  influenced  by 
both  the  transport  of  well  aged  stratospheric  air  into  the  lower¬ 
most  stratosphere,  and  the  incorporation  of  fresher  air  more  re¬ 
cently  transported  through  the  tropical  and  subtropical  tropopause. 
Using  model  analysis,  satellite  data  and  chemistry  codes  the  rela¬ 
tive  importance  of  these  two  processes  are  diagnosed  as  a  function 
of  the  time  of  year  in  both  hemispheres. 


NONHYDROSTATIC  NUMERICAL  SIMULATIONS  AND 
WIND  PROFILERS  OBSERVATIONS  OF  A  CUT-OFF  LOW 
EPISODE  NEAR  THE  ALPS 

P.  Hreil  and  J.  Van  Baelen 

METEO-FRANCE,  CNRM,  42  av.  Coriolis,  31057  Toulouse,  France 
philippe. herei  l  @  meteo.fr 

Strong  rainfalls  in  the  Alpine  region  are  often  linked  to  the  formation 
and  the  stagnation  of  a  cut-off  low  (COL)  near  the  mountain  ridge.  In 
the  Mesoscale  Alpine  Programme  (Binder  et  al.,  1995),  our  concern  is 
to  study  how  the  Alps  influence  the  different  stages  of  the  life  cycle 
of  a  COL,  and  how  in  return,  the  COL  modify  the  orographic  effects. 
The  available  experimental  system  consists  in  a  meso-scale  model  and  a 
wind-profilers  network.  The  nonhydrostatic  model  Meso-NH  has  a  com¬ 
plete  package  of  physical  parameterizations  and  can  be  coupled  with 
real  meteorological  analyses  or  forecasts.  The  wind-profilers  network  is 
composed  of  five  ST  radars  located  in  strategic  places,  offering  high- 
frequency  recording  of  the  vertical  profiles  of  the  three  components  of 
the  winds,  and  of  atmospheric  reflectivity  fields  which  can  be  used  to 
estimate  the  tropopause  height.  The  experimental  system  is  used  to 
investigate  a  real  case  of  COL  formation,  issued  from  the  ESTIME  ex¬ 
periment  (Berlin  et  al.,  1997). 


TRANSPORT  IN  THE  LOW  LATITUDE  TROPOPAUSE 
REGION  AS  SIMULATED  BY  THE  UK  METEOROLOGI¬ 
CAL  OFFICE  UNIFIED  MODEL 

D.R  .Jackson  (1),  J.A  Pamment  (1),  J.  Methven  (2)  and  V.D  Pope  (1) 
(I)  The  Hadley  Centre,  UK  Meteorological  Office,  Bracknell,  UK,  (2) 
Department  of  Meteorology,  University  of  Reading,  UK. 
drjackson@meto.gov.uk 

Two  simulations  made  with  the  climate  version  of  the  UK  Meteorological 
Office  Unified  Model  are  presented.  It  is  shown  that  the  model  simula¬ 
tion  near  the  tropopause  is  greatly  improved  when  the  number  of  model 
levels  is  increased  from  19  to  30.  Comparison  with  Halogen  Occultation 
Experiment  (HALOE)  water  vapour  observations  shows  that  the  change 
to  30  model  levels  not  only  leads  to  a  better  simulation  of  the  zonal  mean 
water  vapour  distribution,  but  also  improves  the  simulation  of  promi¬ 
nent  longitudinally  varying  features.  A  particularly  striking  example  is 
the  simulation  of  the  region  of  dry  air  observed  over  Indonesia  at  100  mb 
in  December  -  January  -  February  (DJF).  These  results  suggest  that  the 
30  level  model  version  realistically  simulates  troposphere  to  stratosphere 
transport  in  the  tropics.  Accordingly,  in  the  second  part  of  this  paper 
we  present  a  more  detailed  examination  of  such  transport  made  using 
idealised  model  tracers  and  an  off-line  trajectory  model  driven  by  model 
winds. 


THE  MERIDIONAL  CIRCULATION  IN  THE  LOWERMOST 
STRATOSPHERE 

M.N.  Juckes  (Meteorologisches  Institut  der  Universitat  Munchen) 

The  meridional  circulation  in  the  extra-tropics  may  be  classified  according  to 
the  nature  of  the  eddies  which  account  for  the  necessary  angular  momentum 
transports.  According  to  this  classification  the  circulation  in  the  lowermost 
stratosphere  is  an  extension  of  the  tropospheric  circulation  associated  with 
baroclinic  waves.  Analysis  of  the  structure  of  these  waves  relative  to  the 
tropopause  reveals  a  surprising  result.  The  zonally  averaged  circulation  in 
the  stratosphere  Is,  on  those  isentropes  which  intersect  the  tropopause,  an 
indirect  circulation  away  from  the  pole  towards  the  equator.  That  is,  if  one 
averages  around  the  entire  isentrope  one  finds  a  direct  circultion  but  if  one 
restricts  attention  to  the  stratospheric  part  of  the  circulation  one  finds  an 
idirect  circulation.  The  consequences  for  tracer  transport  will  be  discussed. 


SIMULATION  OF  A  STRATOSPHERIC  INTRUSION  EVENT  AT 
SUBTROPICAL  LATITUDES  USING  A  COUPLED  CHEMISTRY- 
GENERAL  CIRCULATION  MODEL. 

A  Kentarehos.  G.J.  Roclofs.  J.  Lelicveld  (Institute  for  Marine  and  Atmospheric 
Research  IMAU.  Princetonplein  5.  3584  CC  Utrecht,  The  Netherlands) 

An  important  source  of  O?  in  the  troposphere  is  downward  transport  from  the 
stratosphere  through  tropopause  foldings  associated  with  large  scale  cyclogenesis, 
cut-off  lows  and  quasi-adiabatic  transports  along  isemropic  surfaces  at  mid- latitudes. 
Stratosphere-troposphere  exchange  (STE)  processes  co-determine  the  distribution  of 
03  in  the  troposphere,  and  knowledge  of  its  influence  on  tropospheric  03  levels  is 
necessary  to  assess  the  climate  effects  of  03  perturbations  due  to  human  activity.  A 
tropopause  folding  event  associated  with  the  development  of  a  cut-off  low  over 
southeastern  Europe  at  the  end  of  March  1995  enhanced  the  ozone  concentrations 
in  the  upper  troposphere.  The  episode  has  been  simulated  using  a  coupled  chemistry- 
GCM  that  has  been  ‘nudged’  towards  actual  meteorology  using  a  simple  four¬ 
dimensional  assimilation  technique  based  on  ECMWF  data..  The  GCM  used  is 
the  European  Centre  Hamburg  Model,  version  4  (ECHAM-4).  Results  of  the  model 
run  are  compared  with  observational  and  analysed  meteorological  data.  In 
particular,  simulated  geopotential  heights  show  a  realistic  representation  of  the 
synoptic  development  of  the  cut-off  low  system.  The  model  also  successfully 
reproduce  the  space-time  evolution  of  potential  vorticity  and  specific  humidity 
fields  associated  with  the  tropopause  fold.  Furthermore,  modelled  03 
concentrations  during  that  period  show  a  pronounced  increase  in  the  upper 
troposphere  associated  with  downward  fluxes  from  the  stratosphere.  The  good 
qualitative  (and  in  many  cases  quantitative)  agreement  between  the  simulated  *xl 
observed  stratospheric  intrusion  event  shows  that  the  model  provides  a  useful 
tool  to  analyse  stratosphere-troposphere  exchange  processes  and  their  effect  on 
the  tropospheric  ozone  budget. 
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ANALYSIS  OF  TRANSPORT  AND  EXCHANGE  PROCESSES  IN 
THE  TROPOPAUSE  REGION  BY  MEANS  OF  LAGRANGIAN 
METHODS 

J.  Kowol-Santen  (I),  F.  Ravetta  (2)  and  A.  Ebe!  (1) 

(1)  Institut  fur  Geophysik  und  Meteorologie,  Universitat  zu  Koln.  Germany.  (2) 

Service  d'Aeronomie  du  CNRS,  Paris,  France 

kowoK3geo.uni-koefn.de 

This  paper  is  focusing  on  Lagrangian  studies  of  the  dynamical  processes  in  the 
tropopause  region.  A  case  study  is  presented  analysing  air  mass  transport  within 
a  trough  and  a  streamer  developing  therefrom  in  February  1997.  The  episode  was 
simulated  using  the  EURAD  model  system  designed  for  mesoscale  meteorologi¬ 
cal  and  chemistry  transport  simulations.  The  air  mass  flow  was  analysed  by  two 
Lagrangian  methods  -  contour  advection  and  trajectory  analysis  -  which  are  imple¬ 
mented  as  postprocessors  of  the  meteorological  model  MM5  in  the  EURAD  model 
system.  The  results  of  the  contour  advection  studies  are  compared  with  measu¬ 
rements  carried  out  during  a  Transport  of  Ozone  and  Stratosphere-Troposphere 
Exchange  (TOASTE)  campaign  on  February  4  and  5,  1997.  The  Airborne  Lidar  for 
Tropospheric  Ozone  (ALTO)  flown  on  the  French  Fokker  27  measured  thin  ozone 
rich  layers  in  the  free  troposphere  the  origins  of  which  were  determined  by  the 
use  of  contour  advection.  For  quantitative  estimates  of  stratosphere-troposphere 
exchange  the  analysed  area  was  embedded  in  a  three-dimensional  box  covering  the 
upper  troposphere  and  lower  stratosphere.  21000  forward  trajectories  were  released 
within  the  box  and  potential  vorticity  and  temperature  were  calculated  along  the 
trajectory  path.  Thereby  we  can  determine  whether  the  air  parcels  have  crossed 
the  tropopause.  The  results  of  these  flux  estimates  are  compared  with  results  of 
Eulerian  calculations  (budget  calculations  and  Wei's  formula). 


TRANSPORT  SIMULATIONS  OF  NATURAL  TRACERS  WITH 
THE  ECHAM  GCM:  SENSITIVITY  OF  STRATOSPHERE- 
TROPOSPHERE  EXCHANGE  TO  THE  VERTICAL  RESOLU¬ 
TION 

C.  Land  (1),  J.  Feichter  (2)  and  R.  Sausen  (1) 

(1)  Deutsches  Zentrum  fur  Luft-  und  Raumfahrt,  Institut  fur  Physik  der  At- 
mosphare.  Oberpfaffenhofen,  D-82234  VVeBling,  Germany,  (2)  Max-PIanck- 
Institut  fur  Meteorologie,  Bundesstr.  55,  D-20146  Hamburg,  Germany. 
Christine . lamdCdlr.de 

The  global  distributions  of  SFg  and  l4C  from  above-ground  nuclear  weapon 
tests  have  been  simulated  with  two  versions  of  the  atmosphere  general  circu¬ 
lation  model  ECHAM:  the  standard  version  with  19  layers  and  a  vertical  res¬ 
olution  of  approx.  2  km  in  the  tropopause  region  and  a  modified  version  with 
the  same  model  top,  but  39  layers  and  about  1  km  vertical  resolution.  Both 
trace  substances  are  of  anthropogenic  origin  and  long-lived.  SF^  is  emitted 
continously  at  the  surface,  whereas  bomb  produced  UC  has  been  introduced 
rather  instantaneously  in  the  northern  hemispheric  stratosphere.  Because  of 
their  different  source  regions,  this  tracer  pair  represents  a  suitable  combination 
for  evaluating  vertical  transports  in  either  directions.  The  models’  transport 
characteristics  are  analysed  with  regard  to  stratosphere-troposphere  exchange 
in  terms  of  adjustment  times.  The  simulation  results  are  compared  with  ob¬ 
served  concentration  distributions. 


Transport  and  mixing  of  a  long-lived  stratospheric  intrusion  in  the  upper 
troposphere. 

Ground-based  lidar  measurements  of  ozone  and  aerosol  profiles  above  Fritz  Peak 
Observatory  near  Boulder,  Colorado  (40N.  105W)  are  used  in  conjunction  with  l 
radiosonde  profiles  and  satellite  water  vapor  imagery  to  characterize  the  structure  of  a 
dry,,  ozone-rich  streamer  of  stratospheric  air  that  appeared  in  the  upper  troposphere 
over  the  western  United  States  on  June  30, 1997.  The  streamer  remained  intact  through 
more  than  six  hours  of  observations  before  being  rapidly  dissipated  through 
convective  mixing  induced  by  the  incursion  of  a  moist  subtropical  air  mass  between 
the  streamer  and  the  convective  boundary  layer.  Potential  vorticity  analyses  and 
isentropic  back  trajectories  are  used  in  conjunction  with  water  vapor  imagery  to  show 
that  the  streamer  evolved  from  a  stratospheric  intrusion  that  took  place 
approximately  10  days  earlier  and  more  than  8,000  km  from  Colorado  above  East 
Central  Asia. 


A  CRITERION  FOR  THE  FORMATION  OF  FILAMENTS 
AROUND  THE  POLAR  VORTEX. 

G.  Lapeyre  (1)  and  B.  Legras  (2) 

(1)  Laboratoire  de  Physique  des  Oceans,  IFREMER,  BP  70,  29280  Plouzane. 
France,  (2)  Laboratoire  de  Meteorologie  Dynamique  du  CNRS,  24  rue 
Lhomond,  75231  Paris  Cedex  05,  France. 

The  study  of  Lagrangian  accelerations  in  geophysical  turbulence  allows  to  par¬ 
tition  the  fluid  into  regions  with  different  dynamical  properties  (B.L.  Hua  and 
P.  Klein,  Physica  D,  1997).  The  partition  is  based  on  the  eigenvalues  of  a  linear 
operator,  describing  the  evolution  of  particle  dispersion  or  of  tracer  gradients. 
The  analysis  is  applied  here  to  diagnose  the  formation  of  steep  gradients  and 
the  generation  of  filaments  around  the  polar  vortex  in  the  stratosphere  during 
two  study  periods  in  January  1992  and  February  1995.  By  comparing  with 
contour  advection  calculations,  it  is  shown  that  the  eigenvalues  can  be  used  as 
a  predictor  of  the  formation  of  filaments  on  the  boundary  of  the  vortex. 


THE  RELATIONSHIP  BETWEEN  THE  EXCHANGE  ACROSS 
THE  SUBTROPICAL  BARRIER  AND  PLANETARY  WAVE  AC¬ 
TIVITY  IN  A  GLOBAL  MODEL. 

S.  Leder  (1)  and  A.  Beck  (2) 

(1)  Institut  fur  Meteorologie,  Freie  Universitat  Berlin,  D— 12 165  Berlin,  Ger¬ 
many,  (2)  Regionales  Rechenzentrum  Niedersachsen,  Universiat  Hannover,  D- 
30159  Hannover. 
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The  exchange  of  air  from  the  tropics  into  midlatitudes  across  the  stratospheric 
subtropical  barrier  is  investigated  in  terms  of  potential  vorticity  fields  on  isen¬ 
tropic  levels  in  a  global  3-d  mechanistic  gridpoint  model. 

Vacillations  of  the  planetary  wave  activity  are  caused  by  the  two  concurrent 
effects  of  a  steady  state  forcing  at  the  lower  boundary  at  200  hPa  with  observed 
geopotential  height  climatologies,  which  pull  the  model  away  from  the  zonal 
mean  initial  state,  and  by  the  Newtonian  Cooling  parametrization  of  diabatic 
heating,  which  relaxes  the  model  temperatures  to  the  zonal  mean  radiative 
equilibrium  temperature. 

In  order  to  investigate  the  behaviour  of  the  stratospheric  subtropical  bar¬ 
rier  under  different  climatological  situations,  we  have  performed  two  1000  day 
model  simulations  with  an  ’ENSO  (EL  Nino/Southern  Oscillation)  cold'  and 
an  ’ENSO  warm’  forcing  at  the  lower  boundary.  The  overall  evolution  of  the 
model  stratosphere  is  in  accord  with  the  observations  of  ENSO  cold  and  ENSO 
warm  years.  Exchange  events  across  the  subtropical  barrier  always  occur  during 
periods  with  large  wave  activity. 


SPATIAL  AND  TEMPORAL  VARIABILITY  OF  TROPOPAUSE 
FOLDS  OCCURENCE  -  IMPLICATION  FOR  THE  CROSS  TRO¬ 
POSPHERIC  OZONE  FLUX 

C.  Mancier  (1).  M.  Beekmann  (l).  G.  Ancellet  (1)  and  A.  Marenco  (2) 

(i)  Service  d’Aeronomie.  B102.  I’niv.  Paris  6.  4  place  Jussieu.  75252  Paris 
cedex  05.  France,  (2)  Laboratoire  d'Aerologie.  14  av  E.  Bella  31400  Toulouse. 
France. 
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A  climatology  of  tropopause  folds  has  been  established  by  using  two  data  sets 
of  together  more  than  10000  vertical  ozone,  temperature,  relative  humidity 
and  wind  profiles.  The  profiles  were  obtained  either  by  ozone/ rad iosoundings 
(made  available  by  WODC)  and  by  in-situ  measurements  on  commercial  air¬ 
craft  (MOZAIC  project).  An  automatic  detection  algorithm  for  tropopause 
folds  was  developped  and  validated  by  extensive  meterorologieal  analysis.  We 
found  that  folds  were  more  abondant  over  North  America  (10  %  of  the  sound¬ 
ings)  than  over  Japan  (791)  and  Europe  (4$f).  Also  within  continents,  strong 
spatial  differences  were  encountered.  Another  intere>riug  result  was  that  the 
folding  occurrence  showed  a  significant,  positive  trend  over  North  America  and 
over  Europe,  more  folds  being  detected  especially  in  the  nineties.  An  attempt 
will  be  made  to  correlate  these  results  with  climatolgies  of  other  meteorologi¬ 
cal  parameters  /  tracers  (e.g.  cyclone  occurrence.  ...).  The  fold  occurrence  was 
combined  with  litterature  estimates  of  the  ozone  amount  transfered  in  single 
events,  in  order  to  derive  the  regional  and  northern  hemispheric  ozone  flux 
across  the  tropopause. 
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TRANSPORT  IN  THE  MIDDLE  ATMOSPHERE  (MA)  ECHAM 
GENERAL  CIRCULATION  MODEL 
E.  Manzini  and  J.  Feichter 

Max  Planck  Institut  fur  Meteorologie,  20146  Hamburg,  Germany. 

The  simulation  of  the  large  scale  transport  in  the  MA/ECHAM  general  circu¬ 
lation  model  is  evaluated  by  analyzing  the  multi-year  and  three  dimensional 
evolution  of  two  tracers:  SF6,  a  tracer  with  specified  sources  at  the  surface, 
linearly  increasing  with  time,  and  a  C14  tracer  cloud,  initialized  in  the  polar 
lower  stratosphere.  The  MA/ECHAM  model  is  the  middle  atmosphere  version 
(surface  to  0-0 1  hPa)  of  the  ECHAM4  general  circulation  model.  Among  novel 
aspects,  the  MA/ECHAM  model  includes  a  parameterization  of  the  effects  of 
a  continuous  spectrum  of  gravity  waves:  The  MA/ECHAM  model  will  be  used 
in  simulations  including  active  feedbacks  with  chemical  models,  one  motivation 
for  first  evaluating  its  passive  tracer  transport.  Given  that  the  MA/ECHAM 
model  include  the  middle  atmosphere,  it  is  possible  to  investigate  the  role  of 
the  large  scale  residual  circulation  encompassing  the  middle  atmosphere  on  the 
stratosphere-troposphere  exchange. 

Availability  of  several  observations  ofSF6  and  C14  concentrations  allows  a  com¬ 
parison  with  the  simulation  results.  The  characteristics  of  the  upward  transport 
in  the  model  are  elucidated  by  the  temporal  evolution  of  the  SF6  tracer.  It  U 
shown  for  instance  that  most  of  the  upward  transport  is  occurring  in  the  tropics 
and  therefore  a  meridional  gradient  in  the  SF6  tracer  concentration  develops 
along  the  400  K  isentrope.  From  the  analysis  of  the  C14  tracers  it  is  possible 
instead  to  deduce  the  location  and  seasonality  of  the  downward  transport. 


PSEUDO-CONTOUR  ADVECTION  WITH  SURGERY. 

A.  Mariotti  (1),  B.  Legras  (2)  and  C.R.  Mechoso,  Atmospheric  Siences  De¬ 
partment,  UCLA,  USA  (3) 

(1)  Gruppo  di  Dinamica  Atmosfera  ed  Oceanica,  ENEA.  Roma,  Italy,  (2)  Lab- 
oratoire  de  Meteorologie  Dynamique  du  CNRS,  Paris.  France. 

Contour  advection  is  frequently  used  to  reconstruct  small-scale  structures  of 
potential  vorticity  or  tracers  on  isentropic  layers.  The  main  assumption  of  this 
method  is  that  the  evolution  of  the  field  remains  purely  adiabatic  over  a  finite 
integration  time.  We  present  a  modified  version  of  contour  advection  in  which 
large-scale  information,  collected  either  from  operational  weather  analysis  or 
from  satellite  measurements,  can  be  included.  The  modification  introduces  a 
large-scale  pseudo-velocity  which  moves  the  contour  in  order  to  preserve  the 
large-scale  constrains  provided  by  the  observations,  and  generates  new  contours 
when  required.  The  new  algorithm  can  be  used  in  an  on-going  assimilation 
procedure  unlike  standard  contour  advection  which  is  applied  as  a  series  of 
initial  value  problems.  The  method  will  be  demonstrated  on  a  idealized  case. 
We  hope  to  present  also  results  on  the  formation  of  the  O3  collar  around  the 
southern  hemisphere  late  winter  polar  vortex. 


COMPARISON  OF  RDF  WITH  IN-SITU  DATA 

D.  McK«nna,  O.  Bujok,  N.  Thomas 
Institut  fur  Stratospharische  Cheraie  (ICG-1), 
forschungszentrum  Julich,  Germany 
d.mckenn&Q  fz-juelich.de/Fax:  +49-2461-615346 

Over  the  last  few  years  there  have  been  an  increasing  use  of  two  trajectory  tech¬ 
niques  (Contour  Advection  and  Reverse  Domain  Filling  (RDF)  Trajectories)  to 
assist  in  the  visualization  of  flows.  Although  the  Initial  motivation  for  this  work 
came  from  dynamical  studies  of  simple  model  atmospheres.  The  technique  has 
been  applied’  with  qualified  success  to  a  number  of  real  atmospheric  situations 
where  more  or  less  reliable  large  scale  dynamical  wind  fields  are  available.  The 
outcome  of  these  studies  have  been  mixed  with  some  studies  concluding  that 
they  are  at  best  qualitative  while  other  studies  have  shown  apparantly  remark¬ 
able  agreement.  In  this  talk  the  RDF  technique  wilt  be  used  to  'reconstruct’ 
a  PV  distribution  at  high  resolution  that  contains  structural  feature  of  similar 
scale  to  insitu  aircraft  observations.  Under  some  circumstances  encouraging 
agreement  is  obtained  between  structures  in  the  aircraft  observations  and  fea¬ 
tures  in  the  reconstructed  PV.  Reasons  for  the  agreement  and  disagreement 
will  be  discussed. 


OBSERVATIONS  OF  TRACE  GASES  IN  THE  VICIN¬ 
ITY  OF  A  TROPOPAUSE  FOLD 

D.  McKenna(l),  A.  Lemer(2) 

(1) Inatitut  fur  Stratospharische  Chemie  (ICG-1), 

Forschungszentrum  Julich,  Germany, 

(2) Institut  der  Belasteten  Atmosphere  (ICG-2), 

Forschungszentrum  Julich,  Germany 
d.mckenna®  fz-juelich.de/Fax:  +49-2461-615346 

Tropopause  folds  are  one  of  the  final  9teps  in  the  transport  and  modification  of 
air  from  the  tropics  to  northern  latitudes  through  the  stratosphere.  Classical 
tropopause  fold  studies  concentrate  on  the  flux  of  dry  02one  rich  air  from  the 
stratosphere  into  the  troposphere.  In  this  study  we  will  present  composition 
measurements  of  ozone  and  condensable  vapours  such  as  water  vapour.  Evi¬ 
dence  will  be  presented  that  indicates  the  nett  transfer  of  water  vapour  into 
a  tropopause  fold  giving  the  possibility  that  although  in  fold  events  the  main 
transfer  is  from  the  stratosphere  to  the  troposphere  there  may  be  a  reverse  flux 
of  moisture  (but  not  air)  from  the  troposphere  into  the  stratosphere.  Further 
evidence  for  the  existance  of  such  processes  will  be  discussed. 


ON  THE  ADVECTION  OF  HIGH  RESOLUTION  TRACERS  BY 
LOW  RESOLUTION  WINDS 
J.  Methven  and  B.  Hoskins 

Department  of  Meteorology.  University  of  Reading.  LK. 

J . MethvenCreading .ac.uk 

Recently  Lagrangian  techniques  have  been  employed  to  study  the  global  trans¬ 
port  of  atmospheric  chemicals.  Large  scale  strain  tends  to  dominate  the  ap¬ 
pearance  and  positioning  of  tracer  filaments  so  that  tracers  simulated  using 
coarse-grained  wind  fields  to  integrate  the  trajectory  equation  closely  resem¬ 
ble  those  simulated  using  the  highest  resolution  analyses  available.  Here,  it  is 
shown  that  although  contour  stretching  rates  are  very  insensitive  to  the  spatial 
truncation  of  the  wind  field  the  displacement  errors  in  filament  position  are 
sensitive.  A  quantitative  lower  estimate  is  obtained  for  the  tracer  scale  factor 
(TSF);  the  ratio  of  the  smallest  resolved  scale  in  the  advecting  wind  field  to  the 
smallest  width  above  which  all  filaments  are  accurately  positioned  by  a  contour 
advection  (CA)  simulation.  For  a  baroclinic  wave  life  cycle  the  T$F=6.l  =  0.3 
whilst  for  the  XH  wintertime  lower  stratosphere  the  TSF=5.o  ±  0.5.  Uncer¬ 
tainty  in  contour  initialisation  is  investigated  for  the  stratospheric  case.  The 
effect  of  smoothing  initial  contours  is  to  introduce  a  spin-up  time,  after  which 
wind  field  truncation  errors  take  over  from  initialisation  errors  (2-3  days).  It  is 
also  shown  that  false  detail  from  the  proliferation  of  fine-scale  filaments  limits 
the  useful  life-time  of  such  CA  simulations  to  7-10  days. 


STUDY  OF  STRATOSPHERE  TROPOSPHERE  EXCHANGE  AT 
HIGH  LATITUDES  WITH  MST  RADAR  AND  OZONESONDES 

K.  Persson,  H.  Nilsson,  S.  Kirkwood  and  P.  Chilson 

MRI  Atmospheric  Programme,  Swedish  Institute  of  Space  Physics,  P.O.  Box 
812.  S-981  28  Kiruna,  Sweden. 
karinaCirf.se/Fax:  [+46]  980  790  50 

The  ESRAD  MST  radar,  located  at  Esrange  (68°N,  21°E),  made  continuous 
measurements  of  winds  and  layering  structure  in  the  troposphere  and  lower 
stratosphere  during  the  entire  winter  1996/97,  and  will  continue  to  make  mea¬ 
surements  during  the  winter  97/98.  One  of  the  many  atmospheric  features 
which  are  detected  by  the  radar  is  the  tropopause  and  the  layer  of  lowermost 
stratospheric  air  just  above  the  tropopause,  which  give  distinctive  signatures  in 
altitude  profiles  of  radar  echo  power.  On  several  occasions  during  the  winter  of 
1996/97  the  radar  tropopause  over  Esrange  was  observed  to  branch.  Using  me¬ 
teorological  maps  and  ozone  sondes  we  show  that  most  such  ESRAD  features 
also  correspond  to  frontal  zones.  Comparison  with  ozonesondes  also  shows  that 
the  weak  and  low  tropopause  in  a  trough  can  be  identified  with  the  MST  radar. 
However,  on  a  number  of  occasions  a  region  of  enhanced  radar  echoes  extending 
from  a  trough  corresponded  to  regions  of  stratospheric  air  (high  ozone  content 
/  low  humidity)  as  identified  by  ozonesondes.  It  therefore  seems  possible  to 
monitor  the  stratospheric  intrusion  with  the  radar,  if  it  can  be  identified  as  a 
stratospheric  airmass  with  ozonesonde  data.  Results  from  such  combined  radar 
-  ozonesonde  measurements  during  the  the  winters  96/97  and  97/98  will  be 
presented. 
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Chemical  impact  on  the  troposphere  of  tropopause  fold  events  dur¬ 
ing  TOASTE  campaigns. 

P.H  Plantevin.  D.E.  Shallcross,  K.S.  Law  and  J.A.  Pyle 
Atmospheric  department.  University  of  Cambridge 
paul@atm.ch.cam.ac.uk/Fax:+44- 1223-336362 

Tropospheric  ozone  is  an  important  greenhouse  gas  and  atmospheric  oxidant, 
playing  a  key  role  in  the  composition  of  the  troposphere.  There  are  two  prima¬ 
ry  sources  of  tropospheric  ozone:  downward  flux  of  ozone  from  the  strato¬ 
sphere  into  the  troposphere,  and  the  photo-oxidation  of  ozone  precursors  from 
anthropogenic  and  natural  sources. 

We  have  developed  a  tropospheric  chemical  transport  model.  TOMCAT,  with 
meteorology  forced  by  ECMWF  analyses.  The  model  contains  a  detailed  de¬ 
scription  of  tropospheric  chemistry.  Stratosphere-troposphere  exchange 
(STE)  events  in  March  1995  and  June  1996  have  been  studied  during  the 
TOASTE-B  and  C  (Transport  of  Ozone  And  Stratospheric  Tropospheric  Ex¬ 
change  )  campaigns.  We  compare  these  observations  with  TOMCAT. 

The  importance  of  STE  on  the  tropospheric  distribution  of  chemical  trace  spe¬ 
cies  is  discussed. 


DYNAMICS  AND  TRANSPORT  IN  THE  LOWER  STRATO¬ 
SPHERE 

R.  Alan  Plumb 

Program  in  Atmospheres,  Oceans  and  Climate,  Massachusetts  Institute  of 
Technology.  Cambridge,  MA  02139,  U.S.A.. 

This  talk  will  comprose  an  overview  of  recent  developments  in  our  understand¬ 
ing  of  lower  stratospheric  dynamics  and  transport.  The  gross  mass  flux  across 
isentropic  surfaces  is  associated  with  the  diabatic  circulation,  which  in  middle 
latitudes  is  now  recognized  as  being  driven  by  waves  through  the  ‘‘ext rat ro pica! 
pump"  mechanism.  However,  the  observation  that  upwelling  is  concentrated  in 
the  tropics  is  somewhat  perplexing,  given  that,  if  wave  breaking  is  confined 
to  the  midlatitude  surf  zones,  and  the  stratosphere  is  linear  and  inviscid,  up- 
welling  would  concentrate  at  the  subtropical  edge  of  the  surf  zone.  Relevant 
results  from  a  zomally  symmetric  model  will  be  described. 

Observations  of  lower  stratospheric  tracers  will  be  interpreted,  with  the  aid  of 
a  “leaky  tropical  pipe"  model  of  the  stratosphere,  to  put  constraints  on  our 
understanding  of  transport  across  the  key  transport  barriers—the  subtropical 
edge,  the  tropical  tropopause,  and  the  midlatitude  tropopause. 


STRATOSPHERE-TROPOSPHERE  EXCHANGE  WITHIN  A 
CUT-OFF  LOW:  AIRBORNE  MEASUREMENT  CAMPAIGN 
AND  MESOSCALE  MODELLING 

F.  Ravetta  (1),  G.  Ancellet  (1)  and  J.  Kowol-Santen  (2) 

(1)  Service  d’Aeronomie  du  CNRS,  Paris.  France,  (2)  Institut  fur  Geophysik 

und  Meteorologie.  Cologne.  Germany. 

francois  .ravettaflaero.jussieu.fr/Fax:  [33]  1  44  27  37  76 

In  June  1996,  a  Transport  of  Ozone  and  Stratosphere-Troposphere  Exchange 
(TOASTE)  campaign  was  set  up  to  study  the  evolution  of  a  cut-off  low  sys¬ 
tem  after  its  removal  from  the  general  circulation.  The  Airborne  Lidar  for 
Tropospheric  Ozone  (ALTO)  was  flown  on  the  French  Fokker  27  research  air¬ 
craft.  Ground  based  measurements  and  radiosondes  are  also  available.  The  use 
of  an  aircraft  allows  us  to  follow  the  system  for  several  days  and  many  two- 
dimensional  ozone  and  aerosol  backseat tering  coefficient  vertical  cross-sections 
through  it  are  available.  The  observed  decay  of  the  cut-off  low  is  investigated 
in  association  with  the  question  of  irreversible  transport.  The  use  of  a  mete¬ 
orological  mesoscale  model  (MM5)  helps  us  tackling  the  question  of  diabatic 
erosion  as  a  possible  transfer  mechanism.  This  turns  out  to  take  place  mostly 
on  the  eastern  flank  of  the  cut-off  low.  Ozone  filaments  are  also  observed  and 
the  model  ability  to  account  for  the  measured  ozone  structures  is  also  investi¬ 
gated.  Specifically,  the  question  of  the  best  corresponding  modelled  quantity  is 
raised.  Potential  vorticity  is  not  the  only  useful  one:  more  attention  should  be 
paid  to  the  dry  layers  generated  by  the  model. 


MIXING  BETWEEN  STRATOSPHERE  AND  TROPOSPHERE 
STUDIED  WITH  NCAR/CCM3 

F.  Sassi.  R.R.  Garcia,  B.A.  Boville 

National  Center  for  Atmospheric  Research,  Boulder,  CO.  USA 
sassiO»ncar.ucar.edu/Fax:+(303)-497-1400 

We  have  used  the  winds  and  thermal  structure  obtained  from  a  simula¬ 
tion  with  NCAR/CCM3  General  Circulation  Model  to  advect  parcels  in  an 
isentropic  offline  model.  A  number  of  calculation  have  been  performed  with 
parcels  initialized  on  different  9  surfaces,  from  330  K  to  400  K.  This  range  of 
6' s  spans  the  lower-most  stratosphere.  Using  isentropic  potential  vorticity,  we 
have  been  able  to  distinguish  air  of  tropospheric  nature  from  stratospheric  air. 
Parcel  calculations  were  performed  in  different  seasons  to  study  the  variability 
of  mixing.  Calculations  in  which  the  parcels  were  initialized  on  9  surfaces 
intersecting  a  large  part  of  the  tropical  troposphere  have  shown  that,  in  the 
presence  of  synoptic  disturbances  at  mid-latitudes,  mixing  is  an  efficient  process 
that  produces  substantial  lateral  exchange  of  air  masses.  At  higher  latitudes, 
sinking  is  a  more  prominent  feature.  In  order  to  provide  a  quantitative  estimate 
of  the  mixing,  we  have  calculated  horizontal  diffusion  coefficients  from  the 
dispersion  of  air  parcels  about  their  “center  of  mass". 


A  CASE  STUDY  TO  IDENTIFY  LAYERS  WITH  LAMINAR  OR  TURBULENT 
FLOWS  USING  ST  RADAR  AND  RADIOSONDE  OBSERVATIONS  AND 
TRAJECTORY  CALCULATIONS 

K.  Schulz-Schoel  I  hammer  (l),  C.  Marquardt  (2),  W.  Singer  (I),  and  P.  Hoffmann  (I) 
(1)  Institut  fuer  Atmosphaerenphysik  an  der  Universitaet  Rostock,  Schloss-Str.  6,  D- 
18225  Kuehlungsbom,  Germany.(2)  Meteorologisches  Institut  der  Freien 
Universitaet  Berlin,  Carl-Heinrich-Becker-Weg-6-10,  D-12I65  Berlin 


Continuous  tropo/stratospheric  investigations  of  the  polar  atmosphere  have  been 
carried  out  with  the  ALOMAR  SOUSY  radar  (53.5  MHz)  in  Andenes,  Norway  (69° 
N,  16°  E)  during  the  winters  1995/96/97.  The  radar  measures  wind  and  static 
stability  (or  power)  profiles,  and  are  used  together  with  high-resolved  radiosonde 
soundings  to  track  the  evolution  of  these  parameters  as  air  masses  with  low  or  high 
PV  crosses  the  site.  Trajectory  calculations  provide  information  on  the  origin  of  the 
layers  derived  from  radar  and  radiosonde  signatures. 

In  addition,  the  wind  profiles  obtained  by  radar  and  radiosonde  can  be  used  to 
identify  gravity  waves,  and  their  potential  contribution  to  lamina  formation  will  be 
evaluated. 


INVESTIGATING  TRANSPORT  ACROSS  THE  TROPOPAUSE. 
Emily  Shuckburgh 

DAMTP,  University  of  Cambridge,  UK. 
efs20Cdamtp.cam.ac.uk/Fax:  [+44]  1223-337918 

Observations  of  chemical  tracer  show  a  sharp  contrast  across  the  tropopause.  It 
therefore  appears  that  the  tropopause  may  act  as  a  barrier  separating  two  well 
mixed  regions,  analogous  to  the  polar  vortex  edge  in  the  lower  stratosphere. 
Isentropic  advection  studies  are  used  to  investigate  this  barrier  and  to  quantify 
its  leakiness. 

Particle  and  contour  advection  studies  have  often  been  used  to  quantify  trans¬ 
port  via  stretching  rates.  However,  the  results  of  these  diagnostics  have  been 
somewhat  ambiguous  in  the  case  of  the  tropopause.  It  is  argued  that  problems 
arise  because  the  tropopause  is  a  highly  asymmetric  and  leaky  barrier.  An  al¬ 
ternative  diagnostic  has  been  used  to  overcome  these  difficulties  by  calculating 
an  effective  diffusivity  as  a  function  of  an  equivalent  latitude  coordinate  de¬ 
fined  in  terms  of  the  area  within  tracer  contours,  following  Nakamura  (1996: 
J.  Atmos.  Sci.,  53,  1524).  Observed  velocities  from  isentropic  surfaces  inter¬ 
secting  the  tropopause  are  used  to  advect  tracer  and  the  effective  diffusivity  is 
calculated  as  a  diagnostic  from  the  tracer  field.  A  clear  minimum  in  effective 
diffusivity  is  seen  and  it  is  proposed  this  should  be  identified  as  the  tropopause. 
The  relation  between  this  and  more  conventional  definitions  of  the  tropopause, 
e.g.  defined  in  terms  of  particular  values  of  potential  vorticity,  is  discussed. 
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THE  RESIDUAL  MEAN  MERIDIONAL  CIRCULATION  IN  THE 
LOWER  STRATOSPHERE,  DIAGNOSED  FROM  15  YEARS  OF 
ECMWT-RE ANALYSIS  DATA 

Pptcr  Siegmund,  Peter  van  Velthoven  and  Hennie  Kelder 

Royal  Netherlands  Meteorological  Institute,  De  Bilt,  The  Netherlands 

siegmund(S:lcnmi  .nl 

In  the  lower  stratosphere  the  mean  trajectories  of  air  parcels  form  one 
meridional  cell  in  each  hemisphere,  with  upward  motion  in  the  tropics, 
poleward  flow  at  middle  latitudes  and  downward  motion  into  the  tropo¬ 
sphere  at  higher  latitudes.  This  Lagrangian-mean  circulation  can  be 
approximated  by  the  transformed  Eulerian  mean  (TEM)  circulation,  which 
is  the  Eulerian  mean  circulation  in  which  the  part  forced  by  eddy  heat 
transport  is  removed. 

The  TEM  circulation  can  be  obtained  from  meteorological  analyses 
as  produced  by  numerical  weather  prediction  (NMP)  models.  The 
required  circulation  data,  particularly  the  vertical  velocity,  are.  however, 
sensitive  to  the  formulation  of  the  model.  Therefore,  the  TEM  circulation 
diacnosed  for  a  period  of  several  years  might  show  spurious  jumps  due  to 
changes  in  the  model  during  that  period.  This  problem,  however,  can  be 
overcome  by  using  reanalysed  data  that  for  the  whole  period  are  produced 
by  one  (state-of-the-art)  version  of  the  NMP-model. 

In  this  study  the  TEM  circulation  in  the  tower  stratosphere  is  diag¬ 
nosed  from  15  years  (1979-1993)  of  ECMWF-rcanatysis  data.  Results 
will  be  presented  for  the  height  and  latitudinal  dependence  of  the  circula¬ 
tion.  as  well  as  for  its  seasonal  and  interannua!  variability. 


STRATOSPHERE-TROPOSPHERE  EXCHANGE  IN  A  STRATOS¬ 
PHERIC  INTRUSION 

A.  Tafferner  „ 

(1)  Inatitut  fur  Physik  der  Atmo3phare,  DLR,  Oberpfaffenhofen 
arnold.tafferner@dlr.de 

The  so-called  "advection  method”  for  calculating  stratosphere-tropo¬ 
sphere  exchange  (STE)  has  been  refined  in  order  to  be  able  to  calculate 
mass  exchange  also  in  the  case  of  a  multi-folded  tropopause.  STE  was 
calculated  from  a  numerical  simulation  of  the  heavy  precipitation 
event  which  occurred  from  5  to  7  November  1994  in  the  southern  Alps.  It 
was  instigated  by  a  pronounced  stratospheric  intrusion.  The 
investigation  aimed  at  isolating  the  contribution  of  each  diabatic  and 
turbulent  process  on  the  mass  exchange  at  the  tropopause.  For  this,  the 
tendencies  of  momentum  and  temperature  due  to  the  various  physical 
processes  were  stored  together  with  normal  output  during  the  model 
run.  The  full  3-dimensional  potential  vorticity  tendency  equation 
could  then  be  solved  and  the  mass  exchange  at  the  PV-defined 
tropopause  calculated.  Results  show  the  dominant  role  of  horizontal 
diffusion  of  momentum  and  temperature  for  STE  which  is  much  larger 
than  the  contribution  of  vertical  mixing.  Other  processes  like  moisture 
physics  and  radiation  vary  strongly  through  the  life  cycle  of  the 
stratospheric  intrusion.  The  results  highlight  the  strong  dependence  of 
STE  on  the  representation  of  physical  processes  in  a  mesoscale  model. 


OBSERVATIONS  OF  THE  TROPOPAUSE  REGION  ABOVE 
ANDENES  DURING  THE  BREAK  UP  OF  THE  POLAR  VORTEX 
IN  MARCH  1995  WITH  THE  ALOMAR  SOUSY  RADAR 


W.  Singer  m.  P.  Hoffmann  (1),  D.  Keuer  (1),  and  P.  Czechowsky  (2) 

(1)  Institute  of  Atmospheric  Physics  at  the  Rostock  University, 
Schloss-Str.  6,  D- 18225  Kuhlungsbom,  Germany, 

(2)  Max-PIanck-Institute  of  Aeronomy,  D-37189  Katlenburg-Lindau, 
Germany 


The  ALOMAR  SOUSY  radar,  operating  on  53.5  MHz  at  Andenes 
(69.3°N,  16.0°E),  has  performed  continuous  tropo/stratospheric 
observations  from  January  through  March  1995  using  the  Doppler 
beam  swinging  (DBS)  technique.  The  radar  measures  wind  and 
reflectivity  profiles  with  300  m  range  resolution  and  5  min  time 
resolution,  in  addition,  a  radar  tropopause  height  and  vertical 
momentum  fluxes  are  derived.  The  variability  of  the  tropopause  region 
was  investigated  in  detail  during  the  break  up  of  the  polar  vortex  in 
March  1995.  During  the  passage  of  an  anticyclone  south  of  Andenes 
the  radar  observes  strongly  enhanced  zonal  and  meridional  wind 
velocities  at  tropopause  heights  between  10  and  1 1  km.  The  passage  of 
the  jet  is  connected  with  enhanced  wave  activity  above  the  tropopause 
as  indicated  by  vertical  momentum  fluxes.  On  the  following  days  a 
decrease  of  the  tropopause  height  by  about  3  km  was  detected  and 
wave  activity  was  not  present.  The  estimated  radar  tropopause  height 
is  in  good  agreement  with  balloon  soundings. 


STRATOSPHERIC-TROPOSPHERIC-EXCHANGE: 

A  PINATUBO  CASE  STUDY 
C.  Timmreck 

Max-Planck-Institut  fur  Meteorologie,  Hamburg.  D-20146  Germany, 
t immreckCdkrz . de 

Stratospheric-tropospheric  exchange  (STE)  processes  are  one  of  the  major 
problems  of  the  3d  transport  simulations  with  general  circulation  models.  The 
simulation  of  the  STE  in  the  tropical  lower  stratosphere  is  especially  crucial. 
The  volcanic  eruption  of  Mt.  Pinatubo,  in  June  1991.  had  not  only  significant 
impact  on  stratospheric  and  tropospheric  climate  and  circulation,  it  is  also  a 
natural  phenomenon  which  enables  us  to  better  understand  STE  processes, 
especiallv  in  the  tropical  region.  For  the  Pinatubo  period  (1991  -1993)  a  large 
amount  of  observations  exist,  which  ofFer  a  unique  opportunity  to  verify  and 
to  test  the  representation  of  the  STE  and  the  3d  transport  in  a  global  model. 
In  usinff  different  versions  of  the  Hamburg  climate  model  ECHAM4: 
ECHAM4JL19.  ECHAM4.L39(DLR).  MA/ECHAM4  (L39.L69).  we  performed 
a  set  of  Pinatubo  simulations  with  prognostic  aerosol.  Here  we  present  results 
of  these  different  numerical  experiments  for  the  years  1991  and  1992  and  com¬ 
parisons  with  satellite  data  and  m  situ  measurements  at  different  stations.  It 
will  be  shown  that  both  a  fine  model  resolution  in  the  tropopause  region  and  a 
high  top  of  the  model  atmosphere  are  necessary  to  adequately  represent  the  ob¬ 
served  transport  characteristics  of  a  major  volcanic  eruption.  The  importance 
of  an  interactive  treatment  of  the  volcanic  cloud  will  also  be  evidenced. 


OZONE-RICH  TRANSIENTS  IN  THE  UPPER  EQUATORIAL 
ATLANTIC  TROPOSPHERE 

K.  Suhre  (I),  J.-P.  Cammas  (1),  P.  Nedelec  (1),  R.  Rosset  (1),  A.  Marcnco  (1) 
and  H.  G.  J.  Srnit  (2) 

(1)  Laboratoire  d’AeroIogie  (UMR  CNRS/UPS  5560).  14,  Ave.  E.  Belin.  F- 
31400  Toulouse,  (2)  Research  Centre  Jiilich,  ICG-2.  D-52425  Jiilich. 

High  concentrations  of  ozone  are  found  in  the  Earth  s  stratosphere,  but  strong 
stratification  suppresses  efficient  exchange  of  this  ozone-rich  air  with  the  un¬ 
derlying  troposphere.  Upward  transport  of  tropospheric  trace  constituents  oc¬ 
curs*  mainly  through  equatorial  deep  convective  systems.  In  contrast,  significant 
downward  transport  of  ozone-rich  stratospheric  air  is  thought  to  take  place  only 
outside  the  tropics  by  exchange  processes  in  upper-level  fronts.  Ozone  within 
the  tropical  troposphere  is  assumed  to  originate  predominantly  from  ground- 
based  emissions  of  ozone  precursors  rather  than  from  a  stratospheric  source. 
Recent  measurements  of  ozone  in  the  upper  troposphere  in  convective  regions 
over  the  Pacific  Ocean  indeed  reveal  near-zero  concentrations.  Here  we  present 
sharply  contrasting  observations:  ozone-rich  (100-500  parts  per  billion  by  vol¬ 
ume)  transients  were  frequently  encountered  by  specially  equipped  commercial 
Airbus  340  aircraft  (MOZAIC  project)  at  a  cruising  altitude  of  10-1 2km  in  the 
vicinity  of  strong  convective  activity  over  the  equatorial  Atlantic  Ocean.  This 
srronglv  suggests  that  the  input  of  stratospheric  ozone  into  the  troposphere 
can  take  place  in  the  tropics.  We  suggest  that  this  transport  occurs  either  by 
direct  downward  movement  of  <iir  masses  or  by  quasi-isentropic  transport  from 
the  extratropical  stratosphere. 


SEASONAL  VARIATION  OF  STIRRING  AND  MIXING  IN  THE 
LOWER  STRATOSPHERE 
D.  W.  Waugh 

Department  of  Earth  and  Planetary  Sciences.  Johns  Hopkins  University.  Bal¬ 
timore,  MD  21218.  USA.. 
waughCvortex . shm.monash.edu.au 

Mixing  processes  in  the  lower  stratosphere  are  examined  using  trajectory  cal¬ 
culations.  in-situ  trace  gas  observations,  and  a  simple  strain-diffusion  model. 
The  quasi-horizontal  stirring  and  generation  of  filamentary  structures  by  the 
large-scale  flow  is  examined  by  performing  trajectory  calculations  driven  by 
analysed  winds.  These  calculations  are  used  to  calculate  the  rate  of  reduction 
in  scale,  and  orientation,  of  filamentary  structures.  High-resolution  trace  gas 
measurements  from  the  series  of  NASA  ER-2  aircraft  campaigns  (which  span 
the  different  seasons)  enable  the  fine-scale  structure  of  filaments  to  be  exam¬ 
ined.  Also,  tracer-tracer  scatter  plots  can  be  used  to  identify  partially  mixed 
filaments.  The  trajectory  calculations  and  aircraft  observations  are  used  to¬ 
gether  with  a  1-D  strain  diffusion  model  to  quantify  the  mixing  of  filaments:  in 
particular,  the  effective  diffusivities  and  “mix-down  time  of  the  filaments  are 
estimated.' Calculations  during  winter/spring  indicate  that  the  time  scale  for 
horizontal  scales  of  1000  km  to  be  reduced  to  mixing  scales  is  around  10  to  lo 
days,  and  that  complete  mixing  occurs  within  a  month.  However,  preliminary 
analysis  of  summer  conditions  suggest  that  there  is  much  weaker  stirring  and 
mixing,  and  that  the  mix-down  time  of  filaments  is  longer  than  2  months. 
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EVALUATION  OF  THE  SEASONAL  CYCLE  OF  WATER  VAPOR 
IN  THE  STRATOSPHERE  DERIVED  FROM  MONTHLY  AVER¬ 
AGE  TROPICAL  TROPOPAUSE  TEMPERATURES  USING  A 
CO  PHOTOCHEMICAL  CLOCK 

E.M.  Weinstock1.  E.J.  Hintsa1,  J.G.  Anderson1.  K.A.Boering2.  B.C.Daube2, 

S.C.Wofsy2,  R.L.  Herman3,  R.D.  May3  and  C.R.  Webster3 

lDept  of  Chemistry  and  Chemical  Biology.  Harvard  University,  2Dept  of  Earth 

and  Planetary  Sciences.  Harvard  University.  3JPL.  Pasadena. 

weinstock  Chuarp.harvard.edu/Fax:  [+1]  617-495-4902 

In  situ  measurements  taken  on  the  NASA  ER-2  aircraft  during  the  STRAT 
campaign  during  1995  and  1996  included  a  series  of  dives  in  the  tropical  lower 
stratosphere.  With  a  simple  photochemical  model,  observed  CO  profiles  pro¬ 
vide  a  measure  of  the  photochemical  age  of  the  air  in  the  stratosphere.  Using 
this  age  as  the  transit  time  of  the  airinass  from  the  tropical  tropopause  to  its 
measured  altitude,  we  compare  measured  C02  and  water  vapor  mixing,  ratios 
with  entry-level  mixing  ratios  corresponding  to  the  date  the  air  mass  crossed 
the  tropical  tropopause.  These  comparisons  demonstrate  that  water  vapor  sat¬ 
uration  mixing  ratios  derived  from  monthly-averaged  radiosonde  temperatures 
at  the  tropopause  between  10S  and  10X  represent  the  boundary  condition  for 
water  vapor  reasonably  well.  We  also  demonstrate  that  most  of  the  disagree¬ 
ment  between  boundary  condition  mixing  ratios  and  measured  values  is  a  result 
of  the  mixing  of  midlatitude  air.  Ascent  velocities  in  the  tropical  lower  strato¬ 
sphere  determined  from  plots  of  photochemical  age  vs.  potential  temperature 
will  also  be  presented. 


DIAGNOSING  EXTRATROPICAL  STRATOSPHERE-TROPO¬ 
SPHERE  EXCHANGE:  A  CASE  STUDY 
V.  Wirth  and  J.  Egger 

Meteorologisches  Institut,  Universitat  Mtinchen,  TheresienstraCe  37.  80333 
Munchen,  Germany. 

volkmarCmeteo.physik.uni~muenchen.de  /Fax:  +49-89-2305508 
The  chemistry  and  the  distribution  of  trace  gases  in  the  lowermost  strato¬ 
sphere  cannot  be  understood  without  a  quantitative  knowledge  of  the  synoptic 
(and  smaller)  scale  transport  between  stratosphere  and  troposphere.  In  this 
paper  several  different  methods  to  diagnose  the  synoptic-scale  stratosphere- 
troposphere  exchange  are  applied  and  compared  to  each  other  in  the  frame¬ 
work  of  a  case  study.  A  case  with  strong  convective  heating  in  a  decaying 
cut-off  cyclone  is  selected.  A  consistent  data  set  is  obtained  through  a  special 
ECMWF-model  run  with  standard  resolution,  but  enhanced  output  storage. 
Despite  the  strength  of  the  cross-tropopause  mass  exchange  during  the  episode 
the  different  diagnostic  methods  yield  quite  different  results.  In  particular  some 
of  the  more  popular  methods  based  on  Wei's  (1987)  formula  have  to  be  treated 
with  car^.  Intercomparisou  of  the  different  methods  helps  to  understand  some 
of  the  problems. 


AIRBORNE  C02.  CH4.  03.  AND  SF0  MEASUREMENTS  TO 
STUDY  TRACER  TRANSPORT  AROUND  THE  TROPOPAUSE 
A.Zalm  and  U. Platt 

University  of  Heidelberg,  Institut  fr  Umweltphysik.  IXF  366.  D-69I20  Heidel¬ 
berg.  F.R.G. 

Whole  air  samples  to  measure  the  mixing  ratios  of  carbon  dioxide,  methane, 
ozone,  and  sulfur  hexafluoride  were  collected  around  the  mid-  and  high-latitude 
northern  tropopause  in  the  winter  months  (December  to  April)  1993/94  and 
1994/95.  The  samples  originate  to  the  same  part  from  the  upper  troposphere, 
mainly  from  the  400 hPa  pressure  level,  and  from  the  lowermost  stratosphere 
up  to  altitudes  of  12  km.  By  evaluating  potential  temperatures  of  the  examined 
air  parcels  and  derived  trace  gas  -  trace  gas  correlations,  three  types  of  tropo¬ 
spheric  air  masses  could  be  distinguished:  mid-latitude,  polar,  and  arctic  air. 
As  confirmed  by  isentropic  back  trajectory  calculations,  the  mid-latitude  upper 
troposphere  was  frequently  suffered  by  polluted  air  from  the  low  troposphere 
resulting  in  a  positive  correlation  of  CH4.  SF^.  and  O3.  In  contrast,  in  the 
high-latitude  upper  troposphere  as  well  as  in  the  lowermost  stratosphere.  fir.>r. 
the  encountered  air  masses  were  better  mixed,  and  second,  both  CH4  and  SF4 
were  negatively  correlated  with  03.  Furthermore,  caused  by  the  actual  strong 
SF.:  growth  rate  of  nearly  7%  per  year,  the  age  of  rhe  observed  air  masses  since 
their  entry  into  the  stratosphere  could  be  inferred.  This  SF4-age  was  surpris¬ 
ingly  high,  e.g.  around  two  years  in  an  altitude  of  1 1.5 km  and  thus  just  3  km 
above  the  local  dynamical  tropopause. 


A  SUMMER  STRATOSPHERIC  INTRUSION  EVENT  AT  JUNCFRAUJOCH 
(3,580  M  ASL)  IN  SWITZERLAND 

P^Zanis.  E.  Schucpbach  (Physical  Geography.  CABOr  Univ.  of  Berne.  Switzerland) 
H.W.  Gdggeler.  S.  Hubcncr  (Labor  fur  Radio-  und  Umweltchemie.  Univ.  of  Berne. 
Switzerland) 

A  Stohl  (Lehrsiuh!  fur  Bioklimatologie  und  Immissionsforschung.  Univ.  of  Munich. 
Germany) 

Very  high  Be  activity  concentrations  (>1 1  mBq/m3  at  STP)  were  recorded  at 
Jungfraujoch  in  the  Swiss  Alps  from  16  to  23  July  19%.  In  addition,  half-hourly  ozone 
concentrations  exceeded  80  ppbv  on  19  and  20  July  1996.  The  synoptic  pattern  at  the 
500  hPa  level  revealed  an  eastward-moving  upper  trough-ridge  system  over  North 
Atlantic  and  Scandinavia.  Vertical  SW-NE  cross-sections  of  iscmropcs  indicated  a  low 
tropopause  over  Scandinavia  on  17  July.  Time-height  plots  of  temperature,  potential 
temperature,  y-axis  (north-south)  kinetic  energy,  specific  humidity  and  ozone  from  the 
aerologies!  soundings  at  Paycmc  all  suggested  that  the  high  :Be  and  ozone  levels  were 
associated  with  a  stratospheric  intrusion  event  above  the  northern  Atlantic-Scandinavia 
region,  followed  by  anticvclonic  subsidence  and  strong  advcction  to  the  Jungfraujoch 
Ensembles  of  kinematic  3-D  back-trajectories  calculated  from  ECMWF  analvscs. 
arriving  at  Jungfraujoch  on  19  and  20  July,  were  found  to  be  consistent  with  the 
observations.  Although,  the  original  stratospheric  intrusion  occurred  more  than  one 
thousand  kilometres  away  from  Jungfraujoch.  it  was.  nevertheless,  able  to  enhance  both 
Be  and  o/.onc  concentrations  at  the  site.  The  study  was  carried  out  within  the  EU 
project  "VOTALP”  (Vertical  O/.one  Transport  in  the  Alps). 


CASE  STUDY  OF  STRATOSPHERE  TROPOSPHERE 
EXCHANGE  USING  VHF  WIND  PROFILER,  OZONESONDE, 
RADIOSONDE  AND  E.C.M.W.F.  DATA. 

R.M.  Worthington  and  G.  Vaughan  (Department  of  Physics.  Universitv  of 
Wales.  Aberystwyth.  Dyfed.  SY23  3BZ,  UX) 

Recent  results,  including  some  from  European  campaigns  CWINDE 
(COST  Wind  Initiative  for  Network  Demonstration  in  Europe)  and 
FASTEX  (Fronts  and  Atlantic  Storm  Tracks  Experiment),  are  used  to 
examine  a  stratosphere-troposphere  exchange  event  on..8-9  March  1997. 
where  ozonesonde  and  radiosonde  data  indicate,  an  intrusion  of  drv. 
stable,  ozone-rich  air  as  low  as  3  km  altitude  above  Aberystwyth.  Data 
from  the  VHF  radar  at  Aberystwyth  are  employed,  with-the  dependence 
of  radar  echo  power  on  humidity  investigated  statistically  using  output 
trom  January -March  1997.  VHF  echo  power  is  found  to  be  reduced  for 
both  dry  and  saturated  air;  nevertheless,  layers  in  the  echo  power 
structure  associated  with  dry  stable  air  can  be  tracked.  ECMWF  analvses 
of  trajectories  and  potential  vorticity  fields  will  also  be  presented. 
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OA) 

01  Aviation  impact  on  the  atmosphere 

Convener:  Kelder,  H. 

Co-Convener:  Sausen,  R. 


IS  THERE  ANY  OBSERVABLE  INCREASE  IN  CIRRUS  CLOUD 
DUE  TO  AVIATION  DURING  1982-1991? 

O.  Boucher 

Laboratoire  d’Optique  Atmospherique,  Universite  de  Lille-I,  Lille,  France. 
boucher€loa.univ-lillel .fr/Fax:  [+33]  3  20  43  43  42 
Emissions  of  exhaust  aerosol  and  water  vapour  by  aircrafts  are  responsible 
for  the  formation  of  condensation  trails  (or  contrails).  Exhaust,  aerosols  may 
also  indirectly  alter  cloudiness  by  increasing  the  occurrence  of  ‘natural’  cirrus, 
We  analyze  synoptic  cloud  reports  from  ships  and  land  stations  for  the  period 
1982-1991,  a  decade  of  large  increase  in  the  total  fuel  consumption  by  aviation. 
The  changes  in  cirrus  cloud  occurrence  and  cirrus  cloud  amount  are  estimated 
from  the  surface  observations  and  a  relation  is  sought  with  the  geographical 
distribution  of  aviation  fuel  consumption. 


EFFECTS  OF  ATMOSPHERIC  TEMPERATURE  FLUCTUA¬ 
TIONS  WITH  ESTIMATION  OF  SUPERSONIC  AVIATION  IM¬ 
PACT  ON  OZONE  LAYER  OF  THE  EARTH 

I.  G.  Dyominov  and  A.  M.  Zadorozhny 

Novosibirsk  State  University,  630090,  Novosibirsk,  Russia. 

A  two-dimensional  zonal-average  model  of  diabatic  circulation  and  gaseous  and 
aerosol  composition  of  the  troposphere  and  stratosphere  is  used  to  examine  a 
role  the  atmospheric  temperature  fluctuations  play  for  estimates  of  1990-2015 
changes  occurring  in  the  ozone  layer  as  a  result  of  -VO*,  S02,  C02,  CO  and 
CH4  emissions  from  supersonic  aircraft.  The  model  uses  the  zonal  mean  tem¬ 
perature  (?)  variations  derived  from  a  temperature  probability  distribution. 
This  distribution  was  obtained  from  the  US  National  Meteorological  Center  s 
temperature  data.  We  show  that  the  atmospheric  temperature  fluctuations  are 
very  important  for  the  estimates  of  supersonic  aviation  effects  on  ozone  in  both 
middle  and  high  latitudes  of  the  Northern  Hemisphere.  For  example,  a  scenario 
for  chlorine  background  Zppbv  with  100%  gaseous  SO •>  and  \Or  injections  from 
supersonic  ( 2AMach }  aircraft  with  emission  indexes  of  OAg  and  15^  per  \kg 
fuel,  respectively,  results  in  the  relative  total  ozone  change  of  —  0.47%  at  45  A 
and  -0.71%  at  70°  A*  in  March,  without  account  taken  for  T  variations,  and 
0.75%  at  45°  :V  and  -1.32%  at  70° AT,  with  f  variations  taken  into  account.  The 
same  scenario  with  S02  injection  as  100%  aerosol  sulfate  particles  of  0.01  pm 
radius  results  in  the  relative  total  ozone  change  of -1.05%  at  45° A  and  -1.32% 
at  70° A*,  without  account  taken  for  T  variations,  and  —1.35%  at  45  A  and 
-2.50%  at  70°  A',  with  T  variations  taken  into  account. 


THREE-DIMENSIONAL  MODELING  STUDIES  OF  THE  IMPACT  OF 
AIRCRAFT  EMISSIONS  ON  ATMOSPHERIC  OZONE:  SENSITIVITY  TO 
EMISSION  INDICES,  H20,  AND  SULFUR  CONVERSION 

Richard  S.  Eckman  and  William  L.  Grose 

NASA  Langley  Research  Center,  Hampton,  VA  USA 

r.s.eckman@larc.nasa.gov 

The  NASA  Langley  three-dimensional  chemistry  transport  model  (CTM)  is  used  to 
examine  the  impact  of  future  subsonic  and  supersonic  aircraft  emissions  on  ozone. 
The  model  includes  a  full  representation  of  stratospheric  chemistry  as  well  as  pa- 
rameterizations  treating  the  reactions  occurring  on  polar  stratospheric  clouds  and  on 
sulfate  particles.  Multiple  simulations  using  scenarios  from  the  recent  Intergovern¬ 
mental  Panel  on  Climate  Change  (IPCC)  model  intercomparison  have  been  conducted 
with  the  Langley  CTM  to  characterize  the  response  of  ozone  to  varying  aircraft  NOx 
emission  indices,  the  efficiency  of  sulfur  conversion  to  sulfate  particles  in  the  ex¬ 
haust,  and  the  emission  of  H20.  The  inclusion  of  H20  engine  emissions  significantly 
increased  the  calculated  aircraft  impact  on  ozone  compared  to  a  calculation  with  only 
NO*  emitted,  particularly  at  low  NO*  emission  indices.  Engine  sulfur  conversion  to 
sulfate  particles  also  led  to  larger  ozone  decreases.  Recent  assessments  of  the  effects 
of  stratospheric  aircraft  on  the  atmosphere  have  emphasized  the  need  to  quantify  the 
uncertainties  in  model  predictions.  We  will  compare  and  contrast  our  calculations  to 
other  2-  and  3-D  model  studies  and  examine  the  principle  sources  of  uncertainties. 


The  IPCC  Special  Report  on  Aviation  and  the  Global  Atmosphere:  the  impact  of 
future  subsonic  aircraft  emissions. 

FJ.Dentener,  Institute  for  Marine  and  Atmospheric  Research,  Universiteit  Utrecht,  the 
Netherlands. 

E.  Abilova,  T.  Bemsten,  V.  Grewe,  I.  Isaksen,  J.F.  Mueller,  D.  Stevenson,  Y.  Wang, 
M.  v.  Weele. 

Using  a  host  of  3  dimensional  global  tropospheric  models  the  impact  of  future 
sub-sonic  aircraft  emissions  on  the  concentrations  of  03,  OH  and  NOx  was  estimated 
for  the  years  1992,  2015  and  2050.  These  model  calculations  will  be  used  for  the 
forthcoming  IPCC  Special  Report  on  Aviation  and  the  Global  Atmosphere.  The 
models  differ  in  their  formulation  of  vertical  and  horizontal  resolution,  transport, 
boundary  conditions  and  chemistry.  Therefore,  inter-model  differences  are  large.  We 
will  discuss  model  results  and  the  most  important  uncertainties. 


THE  IMPACT  OF  NOx  AIRCRAFT  EMISSIONS  ON  ATMO¬ 
SPHERIC  COMPOSITION  AND  CLIMATE 
V,  Grewe,  M.  Dameris,  I.  Kohler,  M.  Ponater  and  R.  Sausen 
Deutsches  Zentrum  far  Luft-  und  Raumfahrt  (DLR)  e.V.,  Oberpfaffenhofen, 
D-82334  Wefiling,  Germany. 

Volker.GreweCdlr.de/Fax:  [49]  8153  28  1841 

Changes  in  NO*  and  ozone  concentrations  due  to  aircraft  emissions,  modelled 
with  the  dynamic-chemical  general  circulation  model  ECHAM3/CHEM,  for 
the  years  1992,  2015  and  2050  are  presented.  An  estimate  for  the  impact  on 
climate  will  be  given. 

One  of  the  most  important  sources  of  NO,  in  the  upper  troposphere  are  the 
emissions  by  aircraft.  Since  the  ozone  production  in  that  area  is  largely  con¬ 
trolled  by  NO,,  aircraft  emissions  have  the  potential  to  change  significantly  the 
distribution  of  the  greenhouse  gas  ozone  and  temperature. 

The  paper  especially  concentrates  on  spatial  and  interannual  variations  of 
the  NO,  background  and  aircraft  NO,  pertubations  as  well  as  their  possible 
changes  in  the  future  due  to  climate  change. 
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NON-INTRUSIVE  INFLIGHT  INVESTIGATION  OF  AIRBUS  A340  ENGINE 
EMISSIONS 

P.  Haschberger,  E.  Lindermeir  Deutsches  Zentrum  fuer  Luft-  und  Raumfahrt  e.V. 
(DLR),  Institut  flier  Optolektronik,  D-82230  Wessling,  Peter.Haschberger@dlr.de 

Passive  mode  Fourier  transform  spectrometry  is  used  to  perform  non-intrusive 
measurements  of  jet  engine  emission  indices.  For  the  first  time  investigations  of  this 
kind  were  made  on  board  of  a  commercial  wide  body  aircraft  In  cooperation  with 
Airbus  Industrie  the  customized  and  flight  approved  MIROR  spectrometer  was 
installed  in  the  cabin  of  an  Airbus  A340.  Test  flights  at  various  flight  and  engine 
conditions  were  performed  from  Toulouse/F  focusing  on  the  emission  indices  of  the 
plume  species  NOx  and  CO,  and  the  gas  temperature  close  to  the  nozzle  exit. 

Results  of  this  campaign  and  the  comparison  with  emission  data 
calculated  from  ground-to-altitude  models  will  be  presented. 


IMPACT  OF  SUBSONIC  AIRCRAFT  ON  ATMOSPHERIC 
CHEMISTRY:  MESOSCALE  SIMULATIONS  ON  THE  ROLE  OF 
HETEROGENEOUS  REACTIONS  ON/IN  SULFATE  AEROSOLS 

3,  Hendricks,  E.  Lippert,  H.  Petry  and  A.  Ebel  (Institute  for  Geophysics  and 
Meteorology,  University  of  Cologne,  Albertus  -  Magnus  -  Platz,  D-50923  Koln, 
Germany),  e-mail:  jh@geo.uni-koeln.de 

The  global  amount  of  emissions  from  subsonic  aircraft  is  to  a  high  fraction 
released  in  the  tropopause  region.  Many  model  studies  suggest  that  in  this 
altitude  range  aircraft  induced  NOx  changes  result  in  a  significant  increase  of 
ozone.  However,  the  influence  of  heterogeneous  chemistry  on  the  impact  of  sub¬ 
sonic  airtraffic  is  currently  not  well  understood.  Sulfuric  acid  aerosols  (SAA) 
contribute  to  a  large  extent  to  the  aerosol  burden  of  the  lower  stratosphere 
and  the  upper  troposphere.  In  the  present  study  Box-  and  3D-mesoscale  sim¬ 
ulations  are  performed  to  elucidate  the  role  of  heterogeneous  reactions  on  and 
in  SAA  in  the  chemical  perturbations  of  the  tropopause  region  caused  by  sub¬ 
sonic  aircraft.  For  these  calculations  the  EURAD-TS  model  system  is  applied 
which  has  been  modified  to  enable  the  simulation  of  atmospheric  distributions 
of  SAA  as  well  as  heterogeneous  conversions  of  several  nitrogen-,  chlorine-  and 
bromine  compounds  on/in  SAA.  The  considered  heterogeneous  chemistry  gen¬ 
erally  reduces  the  chemical  life  time  of  the  NOx  exhaust.  Despite  this,  in  most 
simulated  cases  the  aircraft  induced  ozone  increase  is  enhanced  strongly  which 
is  a  consequence  of  important  modifications  of  the  NOx,  HOx,  ClOx  and  BrOx 
budgets  caused  by  heterogeneous  reactions.  The  simulated  aerosol  effects  show 
considerable  variations  with  altitude,  season  and  aerosol  loading. 


ANALYSIS  OF  24  YEARS  G  F  BALLON-BORNE  AEROSOL  DATA  TO 
DETERMINE  THE  EFFECTS  OF  SUBSONIC  AIRCRAFT 

D.  J.  Hofmann,  M.  Wood,  R.  Stone,  NOAA/CMDL,  and  T.  Deshler  UWY  NOAA 
Climate  Monitoring  and  Diagnostics  Laboratory,  Boulder,  CO,  USA;  Department  of 
Atmospheric  Science,  University  of  Wyoming,  Laramie,  WY,  USA 
dhofmann@cmdl.noaa.gov 

The  University  of  Wyoming  balloonbome  aerosol  record,  which  spans  approximately 
26  years  (1971-1997),  was  analyzed  to  determine  possible  effects  of  commercial 
aircraft  on  the  8.6  -  12.7  km  (29-41  kft)  altitude  range  of  the  atmosphere.  An  effort 
to  identify  condensation  nuclei  (CN)  layers  relative  to  seasonal  background  conditions 
in  the  commercial  airlanes  was  undertaken.  Generally,  aircraft  flight  information  is  not 
available  for  past  balloon  soundings  thus  making  it  impossible  to  ascribe  a  source  to 
observed  CN  layers.  Under  conditions  coordinated  with  the  U.  S.  Federal  Aviation 
Administration,  a  CN  layer  observed  in  March  1997  was  traced  to  a  particular  aircraft, 
thus  supporting  the  hypothesis  that  at  least  some  of  the  observed  layers  are  contrail 
remnants.  Using  the  Laramie  data  set,  an  attempt  was  made  to  quantify  the 
enhancement  of  aircraft- induced  CN  layers  in  comparison  with  natural  background 
levels.  We  estimate  conservatively  that  the  contribution  of  the  commercial  aircraft 
fleet  in  the  vicinity  of  Laramie,  Wyoming  amounts  to  about  5-13%  of  the  natural 
background,  depending  on  season. 


MODEL  STUDY  OF  ATMOSPHERIC  POLLUTION  BY  AVIATION 
ENGINES  IN  THE  NORTHERN  TEMPERATE  BELT 

Igor  L.  Karol  and  Andrey  A.  Kiselev 
Main  Geophysical  Observatory 
E-mail:  karoI@main.mgo.rssi.ni 

The  spatial  and  temporal  courses  of  NOx  and  HNOY  content  field  formation  over 
the  northern  temperate  belt  due  to  the  transport  aircraft  flights  intensity  there  in 
summer  and  winter  and  their  diurnal  schedule  are  evaluated  as  deviations  from  the 
zonal  homogenity  used  in  the  2-D  photochemical  models  of  the  zonally  and 
diumally  averaged  atmosphere  for  the  aircraft  exhaust  atmospheric  effects.  The 
transient  2-D  photochemical  model  of  tropospheric  photochemistry  and  climatic  air 
transport  in  the  temperate  belt  (30°  to  60°N)  is  used.  The  photochemical  block 
includes  about  170  gasphase  and  heterogeneous  reactions  among  oxygen,  hydrogen, 
nitrogen,  carbon,  chlorine  and  bromine  species.  Relevant  up  to  30-70%  reductions 
in  the  NOx  emission  are  calculated  for  the  2-D  model  sources  of  zonally  averaged 
exhaust  product.  The  NOx  oxidation  rates  into  HNO3  and  HN04  are  rather  high 
and  sensitive  to  the  ambient  air  temperature,  but  much  lower  during  the 
nighttime  . The  influence  of  both  the  emitted  NOx  and  CO  as  exhausts  products  on 
the  ozone,  hydroxy!  radical  and  other  species  behavior  and  on  the  redistribution  of 
nitrogen  compounds  are  discussed. 


Remote  measurements  of  aircraft  exhaust  gas  using  FTIR  spectrometry  at 
industrial  test-rigs 

E.  Lindermeir,  P.  Haschberger  and  V.  Tank 
Deutsches  Zentrum  f=FCr  Luft-  und  Raumfahrt 

Remote  measurements  of  aircraft  exhaust  gas  using  FTIR  spectrometry  were 
performed  in-flight  under  cruise  conditions  several  times  up  to  now  (e.g.  Haschberger 
and  Lindermeir,  JGR  101, 25,995-26,006, 1996  and  Haschberger  and  Lindermeir,  JRL 
24, 1083-1086, 1997).  For  comparison  and  validation  purposes  FTIR  measurements  at 
an  industrial  test-rig  were  performed  at  ground  conditions  within  the  EU  project 
AEROJET.  These  experiments  were  carried  out  with  the  same  spectrometer  that  was 
used  for  the  flight  campaigns.  The  poster  will  present  results  which  were  obtained  by 
applying  different  experimental  setups  for  the  detection  of  H20,  C02,  CO,  NO  and 
N02. 


THE  IMPACT  OF  AIR  TRAFFIC  IN  THE  NAFC:  MODEL  RE¬ 
SULTS  VERSUS  MEASUREMENTS 

E.  W.  Meijer,  W.  M.  F.  Wauben,  P.  F.  J.  van  Velthoven  and  H.  M.  Kelder 
Royal  Netherlands  Meteorological  Institute,  P.O.  Box  20  L  3730  AE  De  Biit, 
The  Netherlands. 

meijereOknini.nl/Fax:  [31]  30  2203028 

The  impact  of  aircraft  emissions  on  the  atmospheric  composition  has  been 
investigated  with  a  global  chemistry  transport  model.  The  model  calculations 
show  that  aircraft  emissions  contribute  to  about  40-80%  of  the  background 
values  of  nitrogen  oxides  in  the  North  Atlantic  flight  corridor  and  lead  to  an 
increase  of  the  background  ozone  concentrations  about  3-4%  in  winter  and  5- 
7%  in  summer.  The  three-dimensional  distributions  of  ozone,  nitrogen  oxides 
and  nitric  acid,  calculated  by  using  analyzed  meteorological  data,  have  been 
compared  with  airborne  measurements  performed  in  the  North  Atlantic  flight 
corridor  as  part  of  the  EC  POLINAT  project.  The  agreement  between  modelled 
results  and  observations  is  reasonably  good.  The  perturbation  of  nitrogen  oxides 
caused  by  aviation  is  expected  to  be  observable  due  to  its  large  magnitude,  but 
the  resulting  ozone  perturbation  will  in  general  be  to  small  too  distinguish  it 
from  the  natural  variability. 
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UPPER  TROPOSPHERIC  HO*:  SOURCES  AND  ROLE  IN  THE 
AIRCRAFT  IMPACT  ISSUE 

J.-F.  Muller 

Belgian  Institute  for  Space  Aeronomy,  Brussels 
jfm@oma.be/  Fax:  +32-2-3748423 

The  injection  of  nitrogen  oxides  (NO*)  by  aircraft  is  believed  to  enhance 
ozone  production  in  the  upper  troposphere.  However,  ozone  production 
depends  on  the  availability  of  odd  hydrogen  radicals,  HOx.  While  the  main 
production  of  HO*  in  most  of  the  troposphere  is  the  0’D+H20  reaction, 
where  O'D  is  supplied  by  ozone  photolysis,  recent  work  showed  that  other 
sources  are  important  in  the  very  dry  upper  troposphere.  Proposed  sources 
are  the  photolysis  of  acetone  and  convectively  injected  peroxides.  We  use  a 
global  model  to  determine  the  relative  importance  of  the  different  HO* 
sources  in  the  upper  troposphere.  The  model  suggests  that  1/  ozone 
photolysis  is  the  largest  source  at  high  latitudes,  2/  acetone  generally  plays 
a  limited  role,  3/  convection  of  peroxides  (mostly  CH3OOH)  and  aldehydes 
are  the  dominant  sources  in  the  Tropics.  The  uncertainties,  as  well  as  the 
implications  for  the  aircraft  impact  issue  are  discussed. 


CHEMICAL  CONVERSION  OF  AIRCRAFT  EMISSIONS  IN 
THE  DISPERSING  PLUME:  CALCULATION  OF  EFFECTIVE 
EMISSION  INDICES 

H.  Petry(l),  J.  Hendricks  (1),  E.  Lippert  (1),  A.  Meier  (1),  A.  Ebel  (I)  and 
R.  Sausen  (2) 

(I)  Inst.  f.  Geophysik  und  Meteorologie,  Universifcat  zu  Koln,  Albertus  - 
Magnus  -  Platz,  D-50923  Koln,  Germany,  hpgeo.uni-koeln.de/Fax:  +49-221- 
4705198,  (2)  DLR,  Institut  fur  Physik  der  Atmosphare,  Oberpfaffenhofen, 
82234  WeBling,  Germany 

A  box  model  representative  for  a  mesoscale  volume  and  three  different  plume 
models  are  used  to  estimate  the  chemical  conversion  of  exhaust  species  of  a  sub¬ 
sonic  aircraft  at  cruise  altitude.  Clearly  deviating  results  have  been  obtained 
for  instantaneous  mixing  of  the  exhaust  in  a  large  scale  box  and  gradual  disper¬ 
sion  of  a  plume.  The  effect  of  varying  daytime  of  release  as  well  as  the  impact 
of  changing  dispersion  time  is  studied  with  emphasis  on  the  aircraft  induced 
O3  production.  Effective  emission  indices  are  calculated  for  03,  NO,  HNO3 
and  IINO4.  These  effective  emissions  enable  a  correction  for  expanding  plume 
effects  in  global  or  mesoscale  models.  The  dependence  of  necessary  corrections 
is  investigated  for  different  grid  sizes. 


PARAMETRIZATION  OF  CONTRAILS  IN  A  CLIMATE  MODEL 

M.  Ponater,  K.  Gierens,  R.  Sausen,  S.  Brinkop  and  G.  Inclan  (DLR-Institut 
fur  Physik  der  Atmosphare,  Oberpfaffenhofen,  D-82230  Wefiling,  Germany) 

Sensitivity  experiments  with  a  comprehensive  3D  climate  model  have  shown 
that  persistent  contrails  bear  the  potential  of  a  significant  climate  impact.  How¬ 
ever,  quantitative  estimations  of  this  impact  require  the  use  of  a  parametriza- 
tion  scheme,  where  contrails  at  some  model  grid  box  should  depend  on  the 
instantaneous  atmospheric  state.  Such  a  scheme  has  not  been  available  for  pre¬ 
vious  simulations. 

We  have  developed  two  ways  of  parameterizing  the  coverage  due  to  persis¬ 
tent  contrails,  both  of  which  rely  on  the  assumption  that  supersaturation  with 
respect  to  ice  may  occur  in  part  of  some  model  grid  box  although  the  mean 
humidity  value  is  below  the  saturation  point.  The  first  parametrization  idea  has 
been  derived  from  (and  is  similar  to)  the  cloud  scheme  of  the  climate  model 
(EC HAM),  the  second  one  uses  humidity  measurements  to  derive  characteris¬ 
tic  values  for  humidity  fluctuations  within  grid  boxes  of  a  size  typical  for  the 
model’s  spatial  resolution.  The  parameterized  contrails  obtain  individual  opti¬ 
cal  properties,  which  are  calculated  independently  from  those  of  natural  cirrus 
in  the  same  grid  box.  Optical  depth  and  effective  particle  size  associated  with 
the  simulated  contrails  are  checked  with  results  of  a  microphysical  boxmodel. 


EMERGING  NEW  ATMOSPHERIC  CHEMISTRY  OF  NITRIC  OXIDE  AND 
ITS  IMPLICATIONS  FOR  THE  AVIATION  IMPACT  ON  THE  ATMOSPHERE 

Sheo  S.  Prasad1  and  E.  C.  Zipf2 

’Creative  Research  Enterprises,  P.O.  Box  174,  Pleasanton,  CA  94566,  USA 
e-mail:  ssp@CreativeResearch.org 

department  of  Physics,  University  of  Pittsburgh,  Pittsburgh,  PA  15260,  USA, 
e-mail:  edzipf@vms.cis.pitt.edu 

Assessment  of  the  impact  of  aviation  on  the  atmosphere  (e.g.,  POLINAT  & 
SONEX  campaigns)  is  critically  dependent  on  the  accuracy  of  our  knowledge 
about  the  sources  and  sinks  of  NO  in  the  upper  trdjposphere.  This  paper  will 
therefore  discuss  a  new  source  of  NO  which  is  predicted  by  shock  tube  data 
on  the  loss  of  NO  and  has  now  been  experimentally  confirmed  (Zipf  &  Prasad, 
a  paper  in  press  in  SCIENCE).  This  stratospheric  source,  which  involves  N2 
and  02  directly  (i.e.,  without  the  intermediary  of  NaO)  would  considerably 
increase  the  flux  of  NO  from  the  stratosphere  into  the  upper  ttoposphere.  The 
new  source  also  implies  possible  existence  of  an  unrecognized  sink  of  N0Y, 
since  the  current  models  already  overestimate  the  N0Y  even  without  the  new 
source.  Both  implications  could  be  important  for  POLI  NAT/SON  EX.  In 
addition,  we  will  also  discuss  two  other  potential  sources  of  N0X  involving  the 
photodissociations  of  the  N2002  (from  the  NzO  +  02  (b)  +  M)  and  N20*03 
complexes.  These  sources  are  attractive  since  their  strengths  maximize  in  the 
5  to  10  km  region  at  values  *1000  and  120  NOx  cm*3  s’  respectively.  It  is 
hoped  that  the  discussion  will  motivate  the  needed  experiments. 


3D  STRATOSPHERIC  MODELLING  OF  THE  FUTURE  EF¬ 
FECTS  OF  AIRCRAFT  EMISSIONS 

H.  L.  Rogers  (1),  M.  P.  Chipperfield  (1),  S.  Bekki  (1),  K.  S.  Law  (1)  and  J. 
A.  Pyle  (1) 

(1)  Centre  for  Atmospheric  Science,  Cambridge  University,  Cambridge  CB2 
1EW,  England. 
helenCatm.  ch .  cam  .ac.uk 

The  upper  troposphere  and  lower  stratosphere  are  regions  of  great  importance 
for  ozone  chemistry  and  climate  change.  Future  emissions  of  nitrogen  oxides 
from  supersonic  aircraft  are  predicted  to  further  decrease  ozone  levels  in  an 
already  depleted  ozone  layer. 

We  have  used  a  3D  stratospheric  model,  SLIMCAT,  to  investigate  the  effect 
of  future  aircraft  emissions  in  the  years  2015  and  2050.  The  model  was  run  for 
18  months  and  the  results  form  part  of  the  model  intercomparison  for  both 
the  IPCC  report  on  aircraft  emissions  and  the  EU  AEROCHEM  project.  The 
SLIMCAT  model  is  an  isentropic  off-line  Eulerian  transport  model,  where  ‘ver¬ 
tical’  velocities  are  calculated  using  the  Middle  Atmosphere  Radiation  scheme 
(Shine,  1987)  from  the  UGAMP  Stratosphere  Mesosphere  Model. 

The  results  of  the  SLIMCAT  model  are  presented  and  the  effect  of  future  air¬ 
craft  emissions  on  the  distribution  of  chemical  species  during  northern  hemi¬ 
sphere  winters  is  discussed.  Model  output  using  interactive  ozone  values  to 
calculate  diabatic  heating  are  also  compared  to  results  using  a  climatological 
ozone  field. 


THE  INFLUENCE  OF  AIRCRAFT  EMISSIONS  ON  THE  GEOGRAPHICAL 
DISTRIBUTIONS  OF  OZONE  AND  RESERVOIR  SPECIES  IN  THE  UPPER 
TROPOSPHERE  AND  STRATOSPHERE 

E.  Rozanov.  V.  Zubov  ,  M.  Schlesinger,  F.  Yang  and  N.  Andronova 
University  of  Illinois  at  Urbana-Champaign,  Urbana,  Illinois  61801,  USA 
rozanov@atmos.uiuc.edu 

The  UIUC  3-D  Atmospheric  Chemical  Transport  model  is  used  to  estimate  the  influence 
of  subsonic  aircraft  emissions  on  the  geographical  distribution  of  ozone  and  other  species 
in  the  upper  troposphere  and  stratosphere.  Several  5 -year- long  steady-state  model  runs 
have  been  carried  out  for  the  boundary  conditions  of  1995  and  the  wind  Field  derived  from 
the  UIUC  24-layer  atmospheric  general  circulation  model.  A  NASA  dataset  is  used  to 
describe  the  NOx  emissions  from  the  present-day  subsonic  aircraft  fleet.  The  results  of  the 
simulations  are  compared  with  satellite  and  airborne  measurements  to  estimate  the  ability 
of  the  model  to  simulate  the  ozone  and  NOy  distributions  in  the  upper  troposphere  and 
stratosphere.  The  comparison  of  model  runs  with  a  control  run  without  the  aircraft  NOx 
source  is  performed  to  estimate  the  geographical  and  seasonal  distribution  of  the  changes 
in  ozone  and  reservoir  species  caused  by  the  aircraft  emission.  The  model  results  show 
that  the  largest  influence  of  aircraft  NOx  emissions  occurs  in  the  vicinity  of  the  Atlantic 
flight  corridor  and  in  the  area  where  heterogeneous  reactions  on  Polar  Stratospheric  Cloud 
particles  take  place.  The  latter  can  be  explained  by  the  high  sensitivity  of  the  polar 
stratosphere  to  the  changes  in  the  intensity  of  HN03  sources. 
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A  DIAGNOSTIC  STUDY  OF  THE  PRESENT  AND  FUTURE  1 
COVERAGE  BY  CONTRAILS 

R.  Sausen,  K.  Gierens  and  U.  Schumann 

DLR-Institut  fur  Physik  der  Atmosphare,  Oberpfaffenhofen,  D-82234  Wefiling, 
Germany. 

robert . sausenCdlr . de 

The  global  distribution  of  the  contrail  formation  potent ial  and  the  contrail 
cloud  coverage  are  estimated  using  ECMWF  re-analyses  data  for  temperature 
and  humidity,  and  several  data  bases  of  aircraft  fuel  consumption  (present  day 
and  future  projections).  By  means  of  thermodynamic  considerations  the  prob¬ 
ability  for  the  occurrence  of  persistent  contrails  is  determined.  This  probability 
exhibits  a  rather  strong  geographical  variability,  with  maxima  in  the  tropics. 
The  mean  contrail  cloud  coverage  is  computed  by  multiplying  this  probability 
with  a  suitable  function  of  fuel  consumption  (linear  or  non-linear).  The  prod¬ 
uct  is  normalized  such  that  the  contrail  coverage  equals  the  observed  value  of 
0.5%  in  a  domain  between  30°  W  to  30° E,  35°N  to  75°N.  The  impact  of  various 
aircraft  emissions  scenarios  (present  day,  2015,  2050)  is  analysed.  Sensitivity 
studies  are  made  with  respect  to  the  impact  of  propulsion  efficiency  and  flight 
altitude. 


THE  POLINAT-2  EXPERIMENT:  A  STUDY  OF  LARGE-SCALE  AIR 
TRAFFIC  EFFECTS 

H.  Schlager  and  U.  Schumann  (Deutsches  Zentrum  flier  Luft-  und  Raumfahrt  (DLR), 
Institut  flier  Physik  der  Atmosphaere,  Oberpfaffenhofen,  D-82234,  Wessling, 
Germany,  email:  hans.schlager@dlr.de,  ulrich.schumann@dlr.de) 

The  POLINAT-2  (Pollution  from  Aircraft  Emissions  in  the  North  Atlantic  Flight 
Corridor)  aircraft  field  campaign  was  performed  in  Sep./Oct.  1997  based  from 
Shannon,  Ireland.  The  objectives  of  the  POLINAT-2  experiment  were  to  investigate 
large-scale  impact  of  subsonic  air  traffic  in  the  North  Atlantic  flight  corridor  (NAFC), 
to  evaluate  the  NOx  budget  in  the  upper  troposphere,  and  to  intercompare  chemical 
aircraft  measurements.  Using  the  DLR  Falcon  a  total  of  10  missions  were  flown 
including  north-  and  southbound  survey  flights  in  and  around  the  NAFC.  Also 
measurements  during  in-service  flights  of  an  instrumented  Swissair  B747  over  the 
North  Atlantic  were  performed.  The  flight  planning  was  based  on  meteorological  and 
chemical  forecasts  of  University  of  Bergen  and  KNMI,  respectively.  A  key  partner  in 
the  investigation  is  the  SONEX  (SASS  Ozone  and  Nitrogen  Oxides  Experiment) 
project  which  was  deploying  a  NASA  DC-8.  Coordinated  missions  with  SONEX 
include  formation  flights  for  instrument  intercomparison  and  joint  corridor  track 
crossings.  A  preliminary  data  analysis  indicates  that  large-scale  corridor  effects  for  air 
traffic  NOx  were  observed. 


IN  SITU  OBSERVATIONS  OF  AEROSOL  PARTICLES  IN  JET  AIRCRAFT  ~ 
PLUMES 

F.  SchrOder.  B.  KSrcher,  A.  Petzold 

(DLR,  Institut  flier  Physik  der  Atmosphare,  Oberpfaffenhofen,  D-82234,  Wessling, 
Germany,  email:  Franz.Schroeder@dIr.de) 

During  the  Sulphur  5  experiment  in  April  1997  fine  mode  aerosol  particle  emissions 
and  contrail  ice  crystal  distributions  in  the  near  field  of  the  DLR  research  aircraft 
ATTAS  have  been  investigated  with  respect  to  changing  environmental  conditions 
(dry  exhaust  and  contrail),  changing  fuel  sulphur  content  (20  ppm  versus  3000 
ppm)  and  volatile/  non-volatile  aerosol  fractions.  Soot  emissions  were  confirmed 
being  independent  from  fuel  sulphur  content,  amounting  to  1.7E15  [#/kg].  Volatile 
ultra-fine  aerosols  larger  than  5nm  in  diameter  have  been  observed  up  to  2E17 
[#/kg]  for  high  sulfur  and  about  2El6[#/kg]  for  low  sulfur  fuel  in  the  dry  exhaust. 
Corresponding  numbers  in  the  presence  of  contrail  ice  crystals  were  clearly  lower, 
namely  6E16  and  6E15,  respectively.  Significantly  increasing  trends  with  plume  age 
were  found  for  ultra-fine  particles  (>5nm)  in  the  low  sulfur  and  for  Aitken  nuclei 
(>14nm)  in  the  high  sulfur  case,  but  exclusively  in  dry  exhaust  plumes.  In  contrast, 
a  decreasing  trend  is  evident  for  ultra-fine  aerosols  in  contrail  environment,  which  is 
consistent  with  scavenging  time  scales  on  contrail  ice  surfaces.  A  quantitative  model 
analysis  of  the  observed  trends  with  respect  to  particle  growth  mechanisms  will  be 
subject  of  a  further  study. 


IN-FLIGHT  MEASUREMENTS  OF  AIRCRAFT  NON-METHANE 
HYDROCARBON  EMISSION  INDICES 

F.  Slemr  (1),  HL  Giehl  (1),  J.  Slemr  (1),  R.  Busen  (2),  P.  Schulte  (2),  P. 
Haschberger  (3) 

(I)  Fraunhofer  Institut  fur  Atmospharische  Umweltforschung  (IFU),  D-82467 
Garmisch-Partenkirchen,  (2)  Deutsches  Zentrum  fur  Luft-  und  Raumfahrt  e.V. 
(DLR),  Institut  fur  Physik  der  Atmosphere,  D-82230  Wessling,  (3)  Deutsches 
Zentrum  fvir  Luft-  und  Raumfahrt  e.V.  (DLR),  Institut  fur  Optoelektronik,  D-82230 
Wessling 

slemr@ifu.fhg.de/Fax:  +49-8821-183296 

Concentrations  of  non-methane  hydrocarbons  (NMHC),  CO  and  CO2  were 
measured  in  exhaust  plumes  of  the  DLR  experimental  aircraft  ATTAS  equipped 
with  Rolls  Royce  M  45H  Mk501  engines.  The  emission  indices  (El)  of  individual 
light  NMHC  were  determined  from  ratios  of  NMHC  and  CO  concentration 
enhancements  measured  in  grab  samples  and  the  concurrent  in-flight 
measurements  of  El  of  CO  by  FTIR  emission  spectroscopy  and/or  simultaneous  fast 
continuous  measurements  of  CO  and  C02.  Alkenes  and  alkynes  generated  by 
cracking  of  larger  NMHC  molecules  and  aromatic  compounds  originating  from 
unbumt  fuel  constituted  a  larger  and  a  smaller  fraction  of  the  NMHC  emissions, 
respectively.  The  EI(NMHC)  were  strongly  dependent  on  the  engine  power  setting.  ’ 


AIRCRAFT  NOx  IMPACTS  ON  TROPOSPHERIC  OZONE 

D.S.  Stevenson  (1),  C.E.  Johnson  (2),  W.J.  Collins  (I)  and  R.G.  Derwent  (1) 
(1)  Atmospheric  Processes  Research,  Meteorological  Office,  London  Rd,  Brack¬ 
nell,  RG12  2SZ  UK,  (2)  Hadley  Centre  for  Climate  Prediction  and  Research, 
Meteorological  Office,  London  Rd,  Bracknell,  RG12  2SZ  UK. 
dstevensonfoneto.gov.uk/Fax:  [44]  1344  854493 

The  UK  Meteorological  Office  off-line  chemistry-transport  model  (STOCHEM) 
has  been  used  to  investigate  the  impact  of  subsonic  aircraft  NOx  emissions  on 
tropospheric  oxidants.  NASA  Aircraft  emissions  estimates  for  1992,  2015,  and 
2050  have  been  used,  whilst  surface  emissions  follow  the  IPCC  is92a  scenario. 
Despite  the  non-linear  chemistry  of  ozone,  the  increase  in  ozone  scales  nearly 
linearly  with  NOx  emissions,  suggesting  that  ozone  production  in  the  upper 
troposphere  is  strongly  NOrTimited.  A  strong  seasonal  cycle  is  seen  in  the 
ozone  perturbation  due  to  aircraft  NOx,  with  a  peak  in  spring.  The  reasons  for 
this  peak  are  thought  to  be  due  to  the  seasonal  cycle  in  upper  tropospheric  NOXl 
which  reaches  a  peak  in  the  Northern  Hemisphere  in  summer,  due  to  emissions 
from  lightning.  In  addition,  the  chemical  lifetime  of  ozone  is  much  shorter 
in  summer,  due  to  the  higher  radical  abundance.  More  vigorous  convection 
during  summer  also  readily  mixes  upper  tropospheric  ozone  down  towards  the 
surface,  where  its  chemical  lifetime  is  shorter.  The  impact  of  PAN  chemistry 
on  the  ozone  perturbation  is  also  investigated,  by  excluding  PAN  as  a  species 
in  simulations  with  and  without  aircraft  emissions.  PAN  plays  a  major  role  in 
the  determination  of  background  upper  tropospheric  NOx. 


GLOBAL  IMPACT  OF  A  FUTURE  HIGH-SPEED  CIVIL  TRANSPORT 
(HSCT)  AIRCRAFT  FLEET  ON  THE  ATMOSPHERIC  OZONE  COLUMN: 
A  THREE-DIMENSIONAL  MODEL  SIMULATION 

William  L,  Grose  and  Richard  S.  Eckman 

NASA  Langley  Research  Center,  Hampton,  VA  USA 

grose@haloe.larc.nasa.gov 

Multi-year  simulations  have  been  conducted  with  the  Langley  Research  Cen¬ 
ter  (LaRC)  three-dimensional,  atmospheric  Chemical  Transport  Model  (CTM).  The 
model  vertical  domain  (24  levels)  extends  from  the  surface  through  the  stratosphere. 
The  model  includes  a  comprehensive  treatment  of  both  gas  phase  reactions  and  het¬ 
erogeneous  chemical  processes  on  polar  stratospheric  clouds  (PSCs)  and  sulfate 
aerosol.  Results  from  a  model  simulation  that  includes  emissions  from  a  mixed  fleet 
of  subsonic  and  supersonic  aircraft  with  a  route  structure  assumed  for  the  year  2015 
will  be  compared  with  results  from  two  control  simulations  for  the  year  2015  (one 
assuming  emissions  from  subsonic  aircraft  only  and  one  assuming  no  aircraft).  All 
three  simulations  assume  the  same  background  sulfate  aerosol  loading.  The  aircraft 
source  emissions  (NOx,  H2O,  and  sulfates)  used  in  the  calculations  are  taken  from  a 
compilation  of  scenarios  developed  during  the  recent  Intergovernmental  Panel  on  Cli¬ 
mate  Change  (IPCC)  assessments.  Results  will  be  presented  for  the  case  of  an  HSCT 
fleet  with  an  emissions  index  for  nitrogen  oxides  equal  to  5.0  grams  per  kilogram  of 
fuel  and  assuming  50%  of  the  fuel  sulfur  is  converted  to  sulfate  particles  in  the  ex¬ 
haust.  Discussion  will  focus  on  the  the  relative  importance  of  the  different  chemical 
cycles  that  destroy  ozone  and  the  resultant  seasonal  and  latitudinal  perturbations  in 
the  column  ozone  resulting  from  the  aircraft  emissions. 
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ENVIRONMENTAL  CONDITIONS  FOR  LONGLIVED  CONTRAILS  AS 
DERIVED  FROM  MOZAIC  DATA 

C.  Wunram,  S.  Bakan,  MPI  f.  Meteorol.,  Hamburg 

The  European  project  MOZAIC  (Measurement  of  Ozone  on  Airbus  In-Service 
Aircraft)  provided  during  the  last  years  a  large  set  of  near  tropopause  environmental 
data  of  temperature,  ozone  and  water  vapour.  These  have  been  subjected  to  a  statistical 
analysis  with  the  goal  to  define  more  precisely  the  environmental  conditions  in  cases 
of  persistent  contrails.  To  locate  such  contrails  in  the  very  frequented  transatlantic 
flight  corridor  NOAA  satellite  quick-looks  of  the  eastern  North-Atlantic  were  analysed 
for  the  summer  period  of  1995.  The  MOZAIC  data  of  individual  flight  tracks 
correspond  well  to  the  ice  cloud  distribution  inferred  from  these  satellite  images. 
Cloudy  regions  are  in  general  connected  with  high  moisture  content  around  ice 
saturation  and  low  ozone  concentration,  indicating  the  tropospheric  origin  of  clouds. 
Although  the  measurement  level  of  MOZAIC  data  cannot  be  guaranteed  to  coincide 
with  the  height  of  contrails  observed  in  the  satellite  images,  occasional  overlap  is 
suggested  by  the  moisture  record  of  individual  flight  tracks.  These  cases  exhibit  a 
systematically  smaller  ozone  concentration  than  contrail  free  areas.  Details  of  and 
possible  reasons  for  these  observations  will  be  presented  and  discussed. 


A  POSSIBLE  CHANGE  IN  CLOUD  RADIATIVE  FORCING  DUE 
TO  AIRCRAFT  EXHAUST 
K.  Wyser  and  J.  Strom 

Dept,  of  Meteorology,  Stockholm  University,  S-106  91  Stockholm. 
klausCmisu.su.se;  johanCmisu. su. se/Fax:  [+46]  8  15  71  85 

The  radiative  forcing  of  natural  cirrus  clouds  from  a  reduction  in  the  mean  ice 
particle  size  is  presented.  The  estimated  reduction  of  the  mean  size  in  natural 
due  to  aircraft  exhaust  expected  in  the  range  between  10  and  30%  based  on 
measurements.  The  im  However,  the  climatic  forcing,  the  weighted  sum  of  SW 
and  LW  forcings,  depends  on  mean  particle  size,  surface  albedo  and  the  ice 
water  content.  It  appears  that  there  is  a  range  of  diameters  between  15  and 
25  /rm  where  the  climatic  response  to  a  change 
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IN  SITU  MEASUREMENTS  OF  NOX  IN  THE  NORTH  ATLANTIC  FLIGHT 
CORRIDOR 

H.  Ziereis.  H.  Schlager,  P.  Schulte,  and  I.  Kdhler 

(DLR,  Institut  fuer  Physik  der  Atmosphaere,  OberpfafFenhofen,  D-82234,  Wefiling, 
Germany) 

HelmutZiereis  @  dlr.de 

Aircraft  emissions  are  a  major  source  of  nitrogen  oxides  in  the  upper  troposphere 
and  lower  stratosphere.  They  are  of  particular  importance  due  to  their  potential  to 
modify  the  net  ozone  production  rate  there.  In  situ  measurements  of  nitrogen  oxides 
in  the  upper  troposphere  of  single  research  flights  are  affected  by  the  high  variability 
of  the  nitrogen  oxides  abundance  in  this  region  and  represent  no  adequate  data  base 
for  comparison  with  simulated  NOx  fields  from  models. 

Here  a  data  set  is  presented  that  comprises  more  than  30  measuring  flights  which 
were  performed  between  July  1994  and  July  1996  in  the  Flight  Corridor  over  the 
North  East  Atlantic.  For  the  measurements  the  DLR  research  aircraft  “Falcon"  was 
used,  equipped  with  NO,  N02,  and  03  detectors.  A  significant  seasonal  dependence 
of  the  nitrogen  oxides  abundance  was  found  in  the  upper  troposphere.  Mean  NOx 
values  range  between  120  and  280  pptv  and  50  and  140  pptv  in  summer  and  winter, 
respectively. 

The  measured  NOx  abundance  is  compared  to  NOx  fields  predicted  with  the  general 
circulation  model  ECHAM,  which  was  extended  by  a  linear  NOx  chemistry  module. 
It  is  found  that  predicted  NOx  values  compare  fairly  well  with  measured  NOx  values 
both  for  summer  and  winter  conditions. 


ANALYSIS  OF  THE  MICROPHYSICAL  DATA  IN  THE  EURICE 
DATA  BASE. 

Roderick  Brown  and  Elizabeth  J.  Hewitt 
Forecast  Products,  UK  Meteorological  Office 
rbrown@meto. gov.uk/Fax:  +44  (1344)  854412 

Aircraft  icing  remains  a  significant  aviation  hazard,  especially  for  turboprop 
aircraft,  and  rotocraft  because  of  the  lower  altitude  at  which  they  operate.  The 
EURICE  project,  partly  funded  by  the  EC,  has  been  running  for  two  years.  This  is 
aimed  at  examining  current  aircraft  icing  problems  and  the  related  certification 
process. 

As  part  of  EURICE,  a  data  base  of  microphysical  measurements  has  been 
established  by  the  Project  Co-ordinators,  CIRA.  The  data  base  contains  7000  nm  of 
measurements  from  the  EURICE  partners,  plus  28000  nm  gathered  by  the  FAA. 
The  liquid  water  content  (LWC)  measurements  cover  the  range  0  -  -39°C  and  500  - 
25600  feet.  The  variation  of  supercooled  LWC  with  altitude,  temperature  and 
extent  is  described  briefly  in  this  paper. 

An  important  part  of  EURICE  is  the  consideration  of  the  accuracy  of  the  current 
Appendix  C  icing  atmosphere.  Results  will  be  presented  of  a  detailed  comparison 
between  the  microphysical  data  and  Appendix  C.  Only  drops  to  50  microns 
diameter  are  considered  as  in  the  current  Appendix  C.  It  is  shown  that  the  data  are 
in  excellent  agreement  with  the  Appendix  C  supercooled  LWC  vs.  median  volume 
diameter  characterization  for  both  stratiform  and  convective  cloud.  Poorer 
agreement  will  be  shown  with  the  Appendix  C  altitude  vs.  temperature  icing 
envelope.  Finally,  the  applicability  of  Appendix  C  to  conditions  below  10,000  ft  is 
considered  briefly. 
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Expected  Performance  of  Crosswind-Based  Wake  Vortex  Avoidance  Systems  at 
DFW  Airport 

D.  Burnham  &  R.  Rudis 

Relaxation  of  wake  vortex  separation  standards  is  possible  when  the  ambient 
crosswind  is  within  certain  limits.  The  feasibility  of  a  wake  vortex  avoidance  system 
(WVAS)  based  on  such  limits  depends  upon  (l)  how  often  suitable  crosswinds  occur, 
(2)  how  long  the  conditions  last,  and  (3)  whether  separation  changes  can  be  forecast. 
The  paper  will  analyze  five  different  crosswind-based  WVAS,  which  address  landing, 
takeoff,  single-ruwway  and  close-spaced-parallel-runway  operations.  The  analysis 
uses  minute-by-minute  wind  data  collected  at  the  Dallas-Ft.  Worth  Airport. 


•SY.A.Q.E.  -  The  rranch  Wake  Vortex  Spicing  System"  P.  Caiaao  and  J.C. 

Valentin  and  X.  Corjon 

Tha  STNA  (Service  Technique  d«  la  Bfavigation  Aecienne)  ia  performing  studies  on 
waka  vortic*a  since  1992  for  the  paxc  (Direction  General®  da  l'Aviation  Civila). 

Quo  to  11m i tad  budgat,  tha  work  progreia  it  not  is  faat  at  axpactad. 

In  thia  paper,  we  will  praaant  SY.A.G.E.  (SYateme  Antieipatlf  do  cestion  dat 
Eapacementa) .  Thia  system  intanda  to  optimiaa  tha  aaparation  batwaan  aircraft 
at  landing  and  taka-off.  All  tha  developments  dona  in  Pranca  ara  ralatad  to 
thia  definition. 

A  firat  version  of  SYACE  haa  bean  set-up  and  an  experiment  aiming  at 
oparationaly  verifying  tha  ayatam  ia  presented.  This  first  version  concerns 
aircraft  at  departure  and  eroasvind  conaiderationa .  Than  a  windline  of  seven 
anemometer*  haa  been  installed  on  Toulouse-Blagnae  airport  to  monitor  the 
position  of  tha  vortices.  This  trial  should  assess  the  needed  accuracy  on  the 
wind  measurement  for  an  operational  system.  The  constituted  wind  database  will 
be  used  to  develop  ahort  term  forecasting  compulsory  to  have  the  landing 
version  of  SYACE . 


THE  INFLUENCE  OF  ATMOSPHERIC  TURBULENCE  ON  CROW 
INSTABILITY  INITIATION 

A.  Dynnikov  (1) 

(1)  Central  Aerohydrodynamic  Institute 
!  aldyn@tsagi.rssi.ru 

The  sinusoidal  instability  known  as  the  Crow  instability  is  an  essential  factor 
affecting  the  disintegration  of  the  vortex  wakes.  This  instability  should  be  taken  into 
account  in  the  wake  vortex  decay  model  intended  for  the  investigation  of  the  second 
airplane  dynamics.  The  initiation  of  the  Crow  instability  due  to  atmosphere 
turbulence  and  variable  wing  loads  is  considered  in  the  some  publications  in  which 
the  lifespan  of  a  vortex  time  is  estimated.  In  this  investigations  it  is  supported  that 
the  wake  vortices  disappear  when  the  amplitude  of  vortex  line  deviations  from  an 
initial  position  becomes  equal  to  the  initial  distance  between  them.  There  are  a 
number  of  experimental  work  in  which  the  vortex  lifespan  is  estimated  at  different 
turbulence  levels.  To  investigate  the  second  airplane  dynamics  it  is  necessary  to 
know  not  only  the  lifespan  of  a  trace,  but  also  a  spatial  position  of  vortex  lines.  This 
position  is  a  random  process,  the  characteristics  of  which  depend  on  many  factors, 
mainly  on  atmospheric  turbulence.  The  purpose  of  this  paper  is  to  determine  the 
characteristics  of  this  process.  These  characteristics  can  be  used  to  construct  an 
algorithm  which  generates  random  realizations  of  the  wake  vortex  position  in  space. 
Such  an  algorithm  can  be  used  for  the  investigation  of  the  second  airplane 
dynamics. 


COMPARISON  OF  LABORATORY  WAKE  VORTICES  WITH  AIRCRAFT 
VORTICES 

D.  P.  Delisi  (1),  G.  C.  Greene  (2),  and  R.  E.  Robins  (1) 

(1)  Northwest  Research  Associates,  Inc.,  Bellevue,  WA 

(2)  NASA  Langley  Research  Center,  Hampton,  VA 
don@nwra.com,  g.c.greene@larc.nasa.gov,  bob@nwra.com 

Measurements  of  wake  vortices  from  both  laboratory  models  and  aircraft  will  be 
presented.  The  laboratory  measurements  were  obtained  in  a  water-filled  towing  tank 
using  model  wings.  Vortex  evolution  in  the  laboratory  is  followed  from  generation 
through  decay  in  three  stages:  (1)  a  2-D  line  vortex  pair,  (2)  transition  from  2-D  line 
vortices  to  3-D  vortex  rings,  and  (3)  development,  migration,  and  decay  of  vortex 
rings.  The  laboratory  experiments  use  both  dye  (for  visualization)  and  neutrally- 
buoyant  particles  (for  both  visualization  and  DPIV  measurements  of  circulation).  We 
will  present  measurements  in  both  nonstratified  and  stratified  flows  to  show  the 
effects  of  stratification.  Measurements  of  aircraft  vortices,  obtained  as  part  of 
NASA’s  AVOSS  Wake  Vortex  Program,  will  also  be  presented.  Simultaneous 
meteorological  measurements  will  be  used  to  interpret  the  aircraft  wake  vortices  in 
terms  of  nondimensional  parameters.  We  will  compare  vortex  transport  and  decay 
from  the  laboratory  and  aircraft  measurements  both  to  each  other  and  to  a  modified 
version  of  a  wake  vortex  prediction  algorithm  originally  reported  by  Greene  (1986). 


Computational  Investigation  of  Aircraft  Trailing-Vortex  Evolution 
in  Atmospheric  Boundary  Layers. 

Denis  DARRACQ  and  Alexandre  CORJON 
CERT  ACS  -  CFD  Team,  Toulouse  ( France ) 


This  paper  presents  three-dimensional  large  eddy  simulations  (LES)  of  ch 
aircraft  trailing  vortices  in  different  realistic  atmospheric  boundary  lay< 
(ABL)  with  a  non-hydrostatic  meteorological  model.  These  calculations  w< 
performed  in  order  to  parametrize  an  operational  model  aiming  at  managi 
the  separations  between  aircraft  at  take-off  and  landing.  The  problems  consi 
ered  here  are  taken  from  twelve  selected  cases  corresponding  to  trials  ma 
at  Idaho  Falls  sponsored  by  the  Federal  Aviation  Administration  (FAA) 
1990  During  these  trials  there  was  two  prevalent  meteorological  conditior 
stable  boundary  layer  and  turbulent  convective  boundary  layer.  The  thr< 
dimensional  behavior  of  the  wake  vortices  (Crow  instabilities)  as  well  as  ti 
effects  of  the  atmospheric  parameters  (turbulence,  lateral  wind,  stratificatio 
datad  SCU*8ed  Th*  re3uIt8  °f  th®  simulatI°ns  are  compared  to  experiment 


AMETIS1  SYSTEM  FOR  WINDSHEAR  AND  INVERSION 
WARNINGS  AT  THE  ZURICH-AIRPORT 

D.  Engfer 

Meteorological  Office  Zurlch-Alrport,  Swiss  Meteorological  Institute. 
eng@sma.ch  /  FAX:  +41-1-816  20  14 

Wind  shears  and  Inversions  are  especially  during  landing  or  take  off  a 
meteorological  danger  for  the  aviation.  AMETIS1  (Aeronautical  METeo- 
rological  Information  System)  Is  a  ground-based  observing  system 
which  collects  temperature,  dew  point  and  wind  data  from  several  sur¬ 
face  stations  at  different  heights  on  hills  surrounding  Zurich  airport. 
With  these  data  wind  shear  and  Inversions  are  calculated  and  display¬ 
ed  on  a  screen  In  color  depending  on  the  degree  of  danger  for  aviation. 
If  defined  threshold  values  are  reached  or  passed,  an  acoustic  signal 
Is  emitted  and  a  wind  shear  or  inversion  warning  Is  Issued. 

Since  1988  AMET1S1  Is  operational  and  data  from  exceptional  weather 
situations  concerning  wind  shear  or  Inversions  were  collected  and 
analysed.  An  example  for  a  weather  situation  with  wind  shear  is  the 
foehn  wind  that  reaches  the  airport  aera  and  produces  wind  shears  of 
8  KT  in  a  layer  between  1450  ft/GND  and  2000  ft/GND  and  an  Inver¬ 
sion  of  9*  C  between  ground  and  300  ft;  another  example  for  a  strong 
Inversion  up  to  16*  C  Is  a  high  pressure  system  during  winter  In  a  layer 
between  1450  ft/GND  and  2300  ft/GND. 
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Impact  of  Adverse  Weather  on  Major  US  Airports 

J.  Evans,  Lincoln  Laboratory,  Massachusetts  Institute  of  Technology,  Lexington,  MA 
jime@ll.mit.edu/Fax;  781-981-0632 

Adverse  terminal  weather  is  of  particular  concern  at  major  US  airports  due  to  the  very 
high  traffic  volume,  the  frequency  of  convective  weather,  air  traffic  operational 
procedures  and  airline  scheduling  procedures.  This  paper  summarizes  lessons  learned 
in  10  years  of  experimental  terminal  weather  information  system  operations  at  major 
US  airports,  including  Dallas/Ft.  Worth,  Orlando,  Memphis,  Kansas  City,  Denver  and 
San  Francisco.  We  review  first  the  implications  of  the  overall  air  traffic  management 
philosophy  used  in  the  US  in  creating  sensitivity  to  adverse  terminal  weather.  Recent 
results  in  the  area  of  safety  (especially  windshear,  gravity  waves,  downbursts,  and 
CAT  near  storms)  are  described,  including  statistics  on  the  relationship  between 
microbursts  and  days  with  thunderstorms.  We  then  discuss  the  impact  of  convective 
weather  and  low  ceiling/visibility  on  delays  and  operational  efficiency.  It  is  shown  that 
a  significant  fraction  of  the  delay  is  "avoidable,"  given  better  weather  and  air  traffic 
management  decision  support  tools.  The  paper  concludes  with  a  summary  of 
implications  of  the  US  experience  for  European  airports. 


Reducing  the  Impact  of  Adverse  Terminal  Weather  on  Major  US  Airports  with 
the  Integrated  Terminal  Weather  System  (TTWS) 

J.  Evans,  Lincoln  Laboratory,  Massachusetts  Institute  of  Technology,  Lexington,  MA 
jime@ll. mit.edu/Fax:  781-981-0632 

Adverse  terminal  weather  is  the  major  cause  of  delay  at  major  US  airports  as  well  as 
a  significant  safety  hazard.  A  fully  automated  terminal  weather  decision  support 
system  has  been  developed  which  combines  data  for  ground  and  airborne  weather 
sensors  as  well  as  national  numerical  models  to  provide  products  which  can  be  directly 
used  by  controllers,  pilots,  traffic  flow  managers,  terminal  facility  supervisors  and 
automation  systems.  The  current  products  include  predictive  wind  shear  information, 
storm  tracking  and  extrapolation,  storm  severity  and  high  resolution  gridded  winds  to 
improve  aircraft  sequencing  and  merging.  Operational  use  of  functional  prototypes  at 
three  major  US  airports  (Dallas,  Orlando  and  Memphis)  has  shown  that  delays  due  to 
convective  weather  can  be  substantially  reduced  and  that  better  terminal  winds 
information  can  improve  aircraft  merging  and  sequencing  during  adverse  weather.  The 
greatest  convective  weather  delay  reduction  benefits  were  found  to  arise  from 
improved  traffic  flow  management  decision  making.  The  paper  concludes  with  a 
summary  of  current  research  underway  to  further  extend  the  safety  and  efficiency 
(delay  reduction)  benefits. 


EFFECTS  OF  WEATHER  ON  AIRCRAFT  WAKE  TURBULENCE 
EXPERIENCED  DURING  CRUISE  FLIGHT 

George  C.  Greene 

NASA  Langley  Research  Center,  Hampton,  VA,  USA,  g.c.greene@larc.nasa.gov  / 
Fax:  757  864-8858 

Weather  effects  on  aircraft  wake  turbulence  in  the  terminal  area  are  a  current  topic  of 
international  research.  Due  to  recent  reductions  in  vertical  aircraft  spacing  over  the 
north  Atlantic  ocean,  there  is  increasing  international  interest  in  the  effects  of  wake 
turbulence  during  cruise  operations.  This  paper  presents  an  analytical  study  of  the 
effects  of  weather  and  aircraft  size  on  the  potential  for  wake  turbulence  in  cruise.  A 
simple  model  of  wake  motion  and  decay  is  used  to  estimate  the  effects  of  winds, 
atmospheric  turbulence,  and  temperature  lapse  rate  on  the  maximum  distance  which  a 
wake  might  descend.  An  estimate  is  also  provided  as  to  whether  or  not  the  wake 
remains  coherent  or  descends  as  a  series  of  crude  rings  due  to  the  Crow  Instability. 
The  wing  span  of  the  generating  aircraft  is  show  to  be  a  critical  parameter  in  addition 
to  the  weather. 


PARTICIPATION  OF  METEO-FRANCE  IN  WAKE  VORTICES  STUDIES 

B.  Gillot  (1)  and  C.  Marais  (1) 

(1)  METEO-FRANCE,  SCEM,  Toulouse,  FRANCE 
Christine. marais@meteo.fr/Fax :  33561078079 

In  order  to  reduce  aircraft  separation  standards  defined  by  ICAO,  Meteo-France  has 
developed  different  wake  vortices  studies,  as  requested  by  the  STNA  («  Service 
Technique  de  la  Navigation  Adrienne  »).  In  the  first  study,  the  effect  of  crosswind 
on  wake  vortices  trajectory  is  analysed  by  using  the  VORTEX  model,  developed  by 
CERFACS  («  Centre  Europ&n  de  Recherche  et  de  Formation  Avancde  en  Calcul 
Scientifique  »).  This  model  allows  real-time  evaluation  of  hazards  associated  with 
the  wake  vortices.  The  work  has  led  to  the  definition  of  crosswind  classes  related  to 
hazard  duration,  which  corresponds  to  the  time  the  two  vortices  stay  inside  the 
safety  corridor  (defined  as  the  range  ±45  m  from  the  runway  axis).  These  classes 
depend  on  the  number  of  runways  and  their  distance.  Regarding  the  configuration 
«  separation  of  3NM  on  independant  runway  »,  two  classes  of  crosswind  are 
needed:  smaller  than  3  m.s‘  and  larger  or  equal  to  3  m.s'1.  The  second  study 
analyses  the  evolution  of  wake  vortices  at  small  scale  in  2D  by  using  the  French 
Meso-NH  model,  an  atmospheric  simulation  code  developed  in  cooperation 
between  Meteo-France  and  the  CNRS  (« Centre  National  de  Recherche 
Scientifique  »).  This  model  is  initialised  with  the  Idaho  Falls  experiment  data. 
Different  crosswind,  stratification  and  wind  profile  are  simulated  for  stable  and 
mixed  convective  boundary  layer.  The  work  on  the  crosswind  leads  to  about  the 
same  classes  as  with  the  VORTEX  model.  The  VORTEX  model  could  be  improved 
in  a  further  step  by  using  the  results  on  stratification  and  windshear. 


WEATHER  IMPACT  ON  THE  AIR  TRAFFIC  IN  THE  THREE 
AIRPORTS  OF  GALICIA  (SPAIN) 

L.Gimeno(l),  A.Rua (2) ,  O.Vidal(l), 

D.  Fernandez (1) 

(!)  Facultad  de  Ciencias  de  Orense,  Univ.eridad  de 
Vigo,  (2)  Departamento  de  Estadistica,  Universidad 
Complutense  de  Madrid. /Fax  34  1  88  387159 

Galicia  is  the  Spanish  region  placed  in  the 
Northwest  of  the  Iberian  Peninsula.  There  are 
three  international  airports  in  the  region  placed 
in  Vigo,  Santiago  and  La  Corufia.  The  aim  of  this 
study  is  to  know  the  meteorological  patterns  that 
have  produced  problems  in  their  air  traffic  in  the 
last  five  years,  to  classify  these  patterns,  to 
evaluate  the  cost/pattern  for  different  air 
companies  and  to  study  the  beneficts  that  an 
improvement  in  the  nowcasting  could  have  produced. 


VORTEX  WAKE  MEASUREMENT  TEST  RUN  FACILITY  SCHIPHOL 

J.H.M.  Gooden  (1),  E.  Willemsen  (2),  A.  Marsman  (1) 

(1)  National  Aerospace  Laboratory  NLR,  (2)  DNW,  Emmeloord  NL 
gooden@nlr.nl  /  Fax:  +31  527  8210 

The  flow  field  downstream  of  the  Test  Run  Facility  at  Schiphol  Airport  was 
measured  to  obtain  detailed  and  quantitative  data  on  the  vortiex  wake.  It  was  found 
that  this  wake  was  characterised  by  two  strong  vortices  and  a  large  velocity  defect 
The  facility,  which  consisted  of  16  m  high  walls,  is  located  at  330  m  sideways  from 
the  eastern  threshold  of  runway  27.  Under  quartering  headwind-conditions  the  wake 
of  the  building  crosses  the  approach  path.  The  tests  were  initiated  as  a  result  of  pilots 
reporting  not  only  elevated  turbulence  levels  but  occasionly  also  speed  loss  and 
aircraft  bank.  As  these  perturbations  were  experienced  during  the  final  approach 
phase,  restrictions  were  issued  on  the  use  of  runway  27  under  certain  wind 
conditions.  The  measurements,  directed  towards  reducing  the  wake-disturbance,  were 
performed  in  the  DNW-LST  3*2.25  m2.  The  downstream  development  of  the  flow 
was  measured  by  means  of  a  scanning  5-hole  tube  rake,  enabling  a  rapid 
measurement  of  the  velocity  vector  field  in  a  cross-section  behind  the  model. 
Turbulence  data  were  also  obtained  at  some  positions.  It  was  found  that  the 
concentrated  wake  was  lifted  by  the  action  of  the  vortices,  although  the  latter  were 
found  to  decay  rather  quickly,  probably  due  to  dissipative  action  of  the  viscous  wake. 
The  results  have  been  used  as  input  to  some  first  flight-simulator  studies.  These 
suggested  that  the  perturbations  to  the  aircraft  motion,  as  experienced  in  practice 
were  caused  primarily  by  the  velocity  defect  in  the  viscous  wake  and  not  by  the 
vortices.  The  study  lead  to  a  lowering  of  the  walls  from  16  to  6  m. 
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Analysis  of  Stalled  Vortices  at  DFVV  Airport 
J.N.  Hallock.  D.C.  Burnham,  and  J.J.  Sigona 

Separation  standards  for  final  approach  must  account  for  the  possibility  that  a  wake 
vortex  generated  by  a  preceding  aircraft  may,  because  of  interaction  with  the  ground 
and  the  ambient  crosswind,  stall  in  the  glide  path.  A  ground-based  array  of 
anemometers  was  used  extensively  in  the  1970s  to  detect  stalled  vortices.  An  array 
also  gives  measurements  of  the  ambient  wind  close  to  the  location  where  the  vortices 
lateral  motion  is  measured.  Data  recently  collected  at  Dallas-Ft.  Worth  Airport  are 
analyzed  and  compared  to  the  1970s  results.  The  analysis  concentrates  on  the  arrivals 
when  atmospheric  turbulence  was  low  to  optimize  the  vortex  detection  and  to  select 
conditions  when  long  vortex  lifetimes  can  be  expected. 


* 


THE  PREDICTION  OF  VERY  SHORT  PERIOD  CROSSWIND 
SPEED  USING  STATISTICAL  TECHNIQUES. 

Neil  Halsey 

Aviation  Applications  Research,  UK  Meteorological  Office 
nhalsey@meto.gov.uk/Fax:  +44  (1344)  854412 

Any  future  wake  vortex  advisory  system  needs  to  have  the  capability  to  predict  the 
strength  of  the  crosswinds  affecting  aircraft  in  the  vicinity  of  the  runway.  Wind 
measurements  are  routinely  taken  at  all  airports  and  these  measurements  are 
available  to  the  pilot  through  air  traffic  control.  This  is  problematic  since  it  is 
unlikely  that  the  measured  wind  speed  would  be  appropriate  to  the  precise  time  and 
location  of  the  aircraft  on  either  final  approach  or  after  take-off. 

It  is  known  that  the  use  of  persistence  gives  a  reasonable  forecast  of  wind  speed 
over  short  time  periods  or  short  distances  although  the  use  of  predictive  statistical 
techniques  can  reduce  forecast  errors  quite  markedly. 

This  paper  describes  the  use  of  various  techniques  for  crosswind  prediction  as 
applied  to  a  large  sample  of  one-minute  reading  taken  at  Memphis  airport  during 
1995.  Results  are  presented  showing  the  improvements  in  forecast  accuracy  that  can 
be  gained  through  the  use  of  these  techniques. 


OBSERVATIONS  OF  AIRCRAFT  ICING  AND  SUPERCOOLED 
LARGE  DROPS 

T.  Hauf,  F.  Schroder 

Deutsches  Zentrum  fur  Luft-  und  Raumfahrt  (DLR)  e.V. 
Oberpfaffenhofen  ©thomas. hauf@dlr.de  Fax ++49  8153  28  1841 

During  the  EURICE  flight  campaign  March  1997  a  DLR  DO-228  research 
aircraft  made  five  flights  over  Southern  Germany  in  supercooled  clouds.  The 
aircraft  was  equipped  with  optical  cloud  probes  (OAP  2DC,  FSSP  100,  FSSP 
300),  a  LWC  probe,  a  temperature  sensor  and  an  icing  cylinder  with  video 
documentation.  The  measurements  took  place  in  mixed-phase  stratus  clouds 
and  stratus  with  embedded  convection.  Cloud  top  temperature  was  at  about  - 
5°  C.  Maximum  icing  rates  of  3.5  mm/min  together  with  drops  in  the  size 
range  50  -  200  pm  (SLD)  were  found  frequently  and  on  spatial  scales  ranging 
between  several  hundred  meters  and  several  kilometres.  Ground-based 
radar  observations  show  clearly  that  these  SLD  events  occurred  whenever 
the  aircraft  penetrated  one  of  the  embedded  convective  cells.  SLD  were 
found  at  ail  heights  but  seemed  to  be  more  frequent  near  cloud  top  where 
also  maximum  LWC  values  were  found.  A  physical  picture  of  the  SLD 
mechanism  will  be  developed  and  implications  for  the  aircraft  icing  problem 
will  be  discussed.  A  video  clip  shows  the  growth  behaviour  during  SLD 
events  and  for  standard  icing. 


AIRCRAFT  WAKE  VORTEX  CHARACTERISTICS  IN 
THE  STABLY  STRATIFIED  ATMOSPHERE 

F.  Holzapfel  and  T.  Gerz 

Institute  of  Atmospheric  Physics,  DLR- Oberpfaffenhofen,  Germany 

Aircraft  wake  vortices  (WVs)  may  exert  a  serious  danger  on  a  following 
aircraft  if  the  separation  between  the  leading  and  following  aircraft  is 
not  sufficient.  In  view  of  the  expected  growth  of  air  traffic,  increasing 
demands  on  the  capacity  and  safety  of  international  airports  have  to  be 
faced.  A  promising  approach  to  increase  the  capacity  of  airports  is  to 
model  the  temporal  evolution  of  WVs  in  order  to  forecast  their  lifespan. 

It  is  meanwhile  generally  accepted  that  meteorological  conditions 
such  as  turbulence,  stratification  and  shear  dominantly  determine  the 
development  of  WVs.  We  focus  on  the  impact  of  the  stably  stratified 
atmosphere,  an  issue  which  has  been  discussed  controversly  since  years. 
Based  on  2-D  and  large  eddy  simulations  as  well  as  simple  vortex  element 
methods  the  behaviour  of  WVs  is  analysed.  Depending  on  the  degree  of 
stratification  we  observe  both  an  accelerated  and  a  decelerated  descent  of 
WVs.  Both  effects  are  explained  by  the  interaction  of  the  WV’s  flowfield 
with  vorticity  produced  due  to  baroclinicity. 


SIMULATION  INVESTIGATIONS  INTO  AIRBORNE  REACTIVE  AND 
FORWARD  LOOKING  WINDSHEAR  DETECTION  SYSTEMS. 

H.T  Huynh,  F.  Descaioire  (ONERA),  KU.  Hahn,  R.  Kbnig  (DLR),  H.  Haverdings, 
WFJA.  Rouwhorst  (NLR). 

The  paper  to  be  presented  outlines  the  results  of  the  Flight  Mechanics  5th  Action  Group 
of  the  Group  for  Aeronautical  Research  and  Technology  in  EURopc  (GARTEUR).  The 
aim  was  to  have  a  better  understanding  of  the  behaviour  of  a  transport  aircraft  under 
windshear  conditions,  and  the  improvement  in  flight  safety  that  can  be  achieved  by 
using  an  airborne  windshear  detection  system.  Some  results  from  an  inquiry  held 
amongst  European  airlines  to  inventory  their  experience  with  occurrences  of  windshear 
events  are  reported.  A  complete  nors-linear  numerical  simulation  was  set  up  in  order  to 
analyse  the  aircraft  response  during  windshear  encounters  at  approach/landing  and  take¬ 
off.  The  generic  aircraft  was  assumed  to  be  equipped  with  a  fully  automated  flight 
guidance  coupled  to  an  airborne  windshear  detection  system  such  as  reactive  and 
forward  looking  system  (FLS).  The  windshear  scenarios  were  selected  from  existing 
models  providing  realistic  wind  situations.  The  investigated  atmospheric  threats  were 
the  downburst/microburst  situation  and  the  low-level  jet.  The  simulation  environment 
was  designed  to  perform  a  parametric  study  on  various  factors  such  as  specific 
characteristics  of  a  forward  looking  windshear  detection  system  of  the  Doppler-Iidar 
type,  severity  factors,  intensity  and  location  of  windshear.  Some  basic  results  are 
presented  to  show  the  advantage  of  a  forward  looking  windshear  detection  system, 
compared  to  a  reactive  system.  With  an  advance  alert-time  of  more  than  20  s  the  fully 
automated  system  has  the  potential  to  improve  aircraft  safety,  even  in  case  of  extreme  • 
windshear  conditions.  But  the  most  promising  concept  seems  to  be  a  combined  use  of 
reactive  and  FLS. 


“  ’  IN-FLIGHT  ICING  CLOUD  MEASUREMENTS  BY  AN  AIRBORNE 
DROPLET  ANALYSER 

L.  Imperato,  G.  Leone 

CIRA,  Italian  Centre  for  Aerospace  Research,  81043  Capua,  (CE)  Italy 

CIRA  experimental  involvement  in  EURICE  project  for  severe  icing  conditions 
research  in  the  atmosphere  concerned  the  participation  to  the  flight  test  campaign 
conducted  in  March  1997  in  The  Netherlands  on  NLR  research  aircraft.  CIRA 
contributed  to  the  flight  tests  with  the  utilisation  of  an  optical  probe  based  on  Phase 
Doppler  measurement  technique  for  the  individuation  of  droplets  diameter  distribution 
in  the  clouds.  So  on  an  Airborne  Droplet  Analyser  (ADA)  has  been  developed  and 
installed  on  NLR  aircraft  with  the  main  aim  to  be  able  to  detect  droplets  in  a  range 
between  a  few  until  600  and  more  microns.  During  three  flights  the  probe  acquired 
droplets  of  different  diameters  with  presence  of  sparse  large  droplets;  diameter 
distributions  have  been  correlated  with  altitude  and  air  static  temperature  during  each 
of  the  three  flights.  Median  Volume  Diameters  and  Liquid  Water  Contents  have  been 
calculated  for  shorter  time  interval  when  the  cloud  characteristics  and  the  data  rate 
allowed  to  have  a  consistent  number  of  droplets  acquired.  The  results  obtained  have 
been  analysed  in  order  to  compare  data  to  FAR  25  App.  C  icing  certification 
requirements  and  to  foresee  tests  conditions  for  performance  degradation  research  in 
icing  wind  tunnel  facilities. 
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SUPERCOOLED  LARGE  DROPLETS  IN  ICING  CONDITIONS 

Henk  W.  Jentink 

National  Aerospace  Laboratoiy  NLR,  Instrumentation  Department, 

PO  Box  90502,  1006  BM  Amsterdam,  The  Netherlands 

Tel:  +31  20  5113113,  Fax:  +31  20  5113210,  email:  jentink@nlr.nl 

In  March  1997  NLR  investigated  the  icing  atmosphere  for  aircraft  by  flying 
with  an  instrumented  research  aircraft  through  clouds.  Liquid  water  content, 
droplet  diameter  distributions  and  air  temperature  were  measured.  Large 
droplets  were  found  in  air  masses  with  a  limited  extent.  Results  from  the 
measurement  campaign  are  presented.  Implications  of  ice  accretion  on 
helicopters  and  fixed-wing  aircraft  due  to  large  droplets  are  discussed.  The 
investigations  were  part  of  the  project  EURICE,  a  co-operation  between 
aircraft  manufacturers,  research  institutes,  civil  aviation  authorities  and 
universities. 


COMPARISON  OF  ASR  WEATHER  CHANNEL  ECHO  AND  3  D 
LIGHTNING  OBSERVATIONS  IN  FLORIDA  STORMS 

P.Laroche.  P.  Blanchet,  E.Dcfer,  C.  Thiry 
ONERA 

laroche@onera.fr 

Precipitation  radar  echo  of  a  Florida  storm  is  provided  by  the  weather 
channel  of  an  Airport  Surveyance  Radar.  ASR  delivers  a  vertical  integrated  echo  of 
precipitations.  The  2D  storm  cells  described  by  this  radar  are  compared  with  3D 
lightning  location  provided  by  a  high  resolution  VHF  interferometer.  We  discuss  how 
interpretation  of  informations  on  storms  from  a  simple  weather  radar  device  can  be 
improved  by  a  detailed  description  of  the  lightning  activity.  Application  of  this 
concept  to  Air  Traffic  Management  support  is  also  discuss. 
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WAKE  VORTEX  HAZARD  DETECTION  DOPPLER  LIDAR 

M.  Keane  (I),  D.  Buckton  (1)  and  D.  Darracq  (2) 

(1)  Dept,  of  Experimental  Physics.  NUI  Galway,  Ireland. 

(2)  CERFACS,  Toulouse,  France 
keane@epona. physics. ucg.ie.  Fax  +353  91  525700. 

The  performance  of  an  airborne,  wake  vortex  detection  system  is  investigated  by 
simulation.  The  proposed  detection  system  uses  a  forward  looking,  pulsed  Doppler 
Lidar  to  interrogate  the  intended  flight  path  of  the  aircraft.  It  aims  to  give  advance 
warning  of  any  hazardous  wake  vortices,  generated  by  preceding  aircraft,  that  enter  the 
aircraft’s  intended  airspace.  Any  Doppler  system  is  only  capable  of  resolving  velocities 
in  the  direction  of  the  emitted  wave.  Thus,  the  proposed  system  aims  to  detect 
hazardous  wake  vortices  based  on  axial  characteristics. 

Realistic  wake  vortices  are  simulated  in  a  convective  atmospheric  boundary  layer 
using  a  three-dimensional  Large  Eddy  Simulation  model.  The  simulation  is  initialised 
with  data  collected  during  trials  made  at  Idaho  Falls  by  the  Federal  Aviation  Authority 
in  1990.  The  evolution  of  the  vortices  in  characteristic  atmospheric  conditions  is  then 
calculated.  At  discrete  stages  in  the  evolution,  the  computed  flow  field  is  applied  to  the 
Lidar  system  simulator.  The  Lidar  system  simulator  models  the  shot  noise  limited 
Lidar,  the  atmosphere  and  the  signal  processing,  outputting  the  set  of  line  of  sight 
velocities  that  would  be  measured  by  a  Doppler  Lidar  interrogating  the  given  flow 
field.  Pattern  recognition  techniques  are  used  to  detect  any  vortices.  At  each  stage  the 
hazard  posed  by  any  vortex  in  the  flow  field  is  estimated  by  calculating  the  rolling 
moment  that  it  would  affect  on  an  encountering  aircraft.  If  this  rolling  moment  is  of 
the  same  order  as  the  rolling-moment  capability  of  a  commercial  transport  aircraft, 
then  it  is  classified  as  a  hazardous  vortex.  This  paper  aims  to  demonstrate  that  all  such 
hazardous  vortices  can  be  detected  using  the  proposed  Lidar  system. 


AVIATION  WEATHER  IMPACTS  ON  AIR  TRAFFIC  MANAGEMENT 

C.  Lindsey  (1),  P.  van  Tulder  (2),  A.  Haraldsdottir  (2).  R.  Schwab  (2).  A.  WarTen  (2) 
(I)  Northwest  Research  Associates,  Inc.,  Bellevue,  WA,  (2)  Boeing  Commercial 
Airplane  Group,  Seattle,  WA,  lin@nwra.com/Fax:  425-644-8422 

Weather  has  a  major  impact  on  the  capacity,  efficiency,  and  safety  of  the  air  traffic 
management  (ATM)  system.  Runway  acceptance  rates  and  other  capacity  metrics  are 
reduced  in  instrument  meteorological  conditions.  According  to  some  studies,  40-65' 
percent  of  delays  that  impact  U.S.  domestic  airlines  are  caused  by  adverse  weather,  at 
annual  direct  costs  ranging  from  S4-5B  per  year.  Passengers  are  inconvenienced  by 
flight  delays  and  cancellations  or  diversions  due  to  weather,  and  are  uncomfortable  or 
may  even  be  injured  when  turbulence  is  encountered  during  a  flight.  The  expected 
future  growth  in  air  traffic  will  only  exacerbate  these  conditions,  imposing  constraints 
on  the  ability  of  the  industry  to  meet  growing  demand  while  improving  safety  and 
efficiency.  The  capability  to  observe,  analyze,  forecast,  and  disseminate  weather 
information  can  be  improved  by  recent  technical  developments,  but  the  air  transport 
industry  lacks  a  consistent  understanding  of  how  to  evaluate  and  use  these  new 
capabilities  in  the  most  beneficial  way.  The  relative  value  of  different  types  of 
weather  products,  the  timeliness  of  their  delivery,  knowledge  about  the  users  and 
providers  of  aviation  weather  information,  and  other  factors  need  to  be  understood  to 
ensure  that  investment  in  technology  development  and  operational  systems  provides 
optimum  value.  In  this  paper  we  present  some  of  the  findings  from  a  study  we  are 
conducting  to  develop  technical  and  business-relevant  information  on  the  impacts  of 
weather  on  the  ATM  system,  and  on  the  role  of  weather  information  in  emerging 
communications,  navigation,  and  surveillance  (CNS)  technologies.  We  describe  user 
requirements  for  aviation  weather  information,  explain  where  operational  deficiencies 
exist  in  the  aviation  weather  system,  and  evaluate  the  impacts  that  emerging  aviation 
weather  technologies  may  have  on  improving  efficiency  and  increasing  capacity  in 
the  ATM  system. 


MORE  INSIGHT  INTO  AIRCRAFT  WAKE  VORTICES  Developing  the  Real  Time  Verification  System  to  Support 

BY  MEANS  OF  GROUND-BASED  CW  DOPPLER  LIDAR  Aviation  Forecasting  and  Product  Development 


F.  Kopp 

Institute  of  Optoelectronics,  DLR-Oberpfaffenhofen 
fried  rich. koepp®  dlr.de/Fax:  +49-8153-281608 


Jennifer  Mahoney.  Judy  Henderson,  NOAA/FSL, 

National  Oceanic  and  Atmospheric  Administration/Forecast 

Systems  Laboratory 

Mahoney@fsl.noaa.gov 


Aircraft  wake  vortices  are  presenting  a  potential  hazard  to  other  aircraft 
following  closely  behind.  This  is  not  only  a  safety  problem  but  also  a 
capacity  problem  at  major  airports.  Several  approaches  are  under  in¬ 
vestigation:  A  reduction  of  the  presently  binding  separation  distances 
can  be  achieved  by  long-range  airfield  systems  or  forward-looking  on¬ 
board  sensors  for  wake-vortex  detection  and  warning.  In  the  design 
phase  of  new  aircraft  types,  mechanical  features  for  vortex  alleviation 
can  be  taken  into  account.  Supposition  for  these  approaches  is  the 
precise  knowledge  of  the  vortex  properties  and  their  temporal  behav¬ 
iour.  At  DLR,  a  cw  Doppler  Lidar  has  been  developed  for  boundary 
layer  wind  measurements.  This  system  is  also  used  for  the  investiga¬ 
tion  of  vortex  properties,  like  velocity  distribution,  circulation,  transport 
in  ground  influence  and  decay.  During  several  field  experiments,  the 
signatures  of  a  large  variety  of  aircraft  types  have  been  acquired  cov¬ 
ering  the  bandwidth  from  small  business  to  large  commercial  aircraft. 
Experimental  data  will  be  presented,  including  data  of  scarcely  investi¬ 
gated  vortices  like  those  being  generated  by  fighter-type  aircraft  and 
by  helicopters.  The  relationship  to  aircraft  parameters  and  to  the  atmo¬ 
spheric  environment  will  be  considered. 


This  presentation  will  describe  the  Real-Time  Verification  System 
(RTVS)  that  NOAA  Forecast  Systems  Laboratory  (FSL)  is 
developing  to  support  aviation  forecasting  and  product 
development.  Verification  of  products  (e.g.,  AIRMETs  and 
SIGMETs)  and  the  "guidance"  forecasters  use  to  generate  those 
products  is  very  important  to  the  safety  and  efficiency  of  the 
airspace  system. 

FSL  recently  implemented  the  initial  version  of  the  RTVS  at  the 
National  Weather  Service  (NWS)  Aviation  Weather  Center 
(AWC).  The  version  included  capability  to  assess  the  quality  of 
AIRMETs  (icing,  turbulence,  and  IFR  conditions)  and  algorithms 
that  generate  forecasts  of  icing  and  turbulence.  Based  on 
feedback  we  gathered  from  AWC  and  the  results  of  a  previous 
assessment  of  requirements,  we  envision  that  the  end-state  RTVS 
will  enable:  1)  developers  to  assess  the  quality  of  algorithms  for 
forecasting  variables  such  as  icing,  thunderstorms,  and 
turbulence;  2)  program  leaders  and  managers  to  assess  the 
quality  of  algorithms  and  end-user  products;  and  3)  aviation 
forecasters  to  assess  the  quality  of  the  "guidance"  available  to 
help  generate  products  for  end-users. 
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FORECASTING  TURBULENCE  IN  THE  UPPER  TROPOSPHERE 

Adrian  Marroqum  (CIRA,  CSU/NOAA,  FSL),  Cecilia  M.I.R.  Girz  (NOAA,  FSL), 
and  Jennifer  L.  Mahoney  (NOAA,  FSL) 

NOAA,  Forecast  Systems  Laboratory;  CIRA,  Colorado  State  Univ.,  Fort  Collins,  CO. 
e-mail:  marroq@fsl.noaa.gov;  Fax:  (303)  497-3329 

At  the  Forecast  Systems  Laboratory  (FSL),  research  is  now  in  progress  to  develop  and 
test  diagnostic  and  prognostic  turbulence  forecasting  algorithms  to  provide  guidance 
for  the  aviation  community.  With  the  advent  of  reporting  objective  turbulence  obser¬ 
vations  from  aircraft,  such  as  the  vertical  accelerometer  and  the  in-situ  dissipation  rate 
data,  it  has  been  possible  to  begin  development  and  verification  of  turbulence  fore¬ 
casting  formulations  that  estimate,  in  a  more  physical  way,  those  turbulence  events 
that  are  dangerous  to  general  and  commercial  aviation.  A  diagnostic  algorithm 
(DTF5.0)  has  been  developed  to  forecast  turbulence  from  three  sources:  shear  insta¬ 
bilities  (in  die  boundary  layer,  and  around  upper  fronts  and  jets),  gravity  wave  break¬ 
ing  (e.g.,  mountain  waves),  and  convection-related  turbulence.  Using  the  vertical 
accelerometer  data,  it  has  been  possible  to  define  a  turbulence  threshold,  because 
approximately  90%  of  these  reports  correspond  to  no-turbulence,  whereas  >90%  of 
the  voice  pilot  reports  (pireps)  related  the  occurrence  of  turbulence.  Verification  sta¬ 
tistics  for  the  three  components  of  DTF5.0  will  be  shown,  including  a  discussion  of 
seasonal  and  geographic  dependencies.  Results  using  the  subjective  and  uncalibrated 
pireps  will  be  contrasted  with  those  from  the  objective  measures  (vertical  accelerome¬ 
ter  data  and  dissipation  rate).  Comparisons  with  a  two-year  set  of  statistics  based  on 
pireps  for  an  earlier  version  of  the  diagnostic  (DTF3.0)  will  also  be  made. 


EFFECTS  OF  ATMOSPHERIC  CONDITIONS  AND  GROUND  PROXIMITY 
ON  THE  DYNAMICS  OF  AIRCRAFT  WAKE  VORTICES:  A  STUDY  OF  THE 
1994-95  MEMPHIS  FIELD  MEASUREMENTS 

Metin  I.  Yaras,  Assoc.  Professor 

Carleton  University  fax:  (613)  520-5715  e-mail:  myaras@mae.carleton.ca 

This  paper  studies  aircraft  wake  data  acquired  by  the  MIT  Lincoln  laboratory  and 
NASA  Langley  Research  Center  at  the  Memphis,  TN  international  airport  during 
December  1994  and  August  1995.  The  objective  is  to  identify  the  dominant 
mechanisms  affecting  the  transport  and  decay  of  aircraft  wake  vortices.  Specifically, 
the  effects  of  atmospheric  stratification,  wind  shear,  atmospheric  turbulence  and 
ground  proximity  on  the  far-wake  development  are  examined.  The  wake-vortex 
trajectories  are  observed  to  closely  follow  the  ideal  descent  path  under  calm  and 
near-neutral  atmospheric  conditions  and  away  from  the  ground.  Increased  variability 
in  the  vertical  wake  trajectory  is  noted  under  high  ambient  turbulence  (normalized 
turbulence  levels  in  excess  of  0.5)  with  observations  of  descending  as  well  as  rising 
vortices  for  the  same  turbulence  energy.  Interaction  of  the  wake  vortices  with 
nonuniform  ambient  vorticity  associated  with  a  ground-jet  crosswind  profile  is 
observed  to  arrest  their  vertical  descent  leading  to  a  rebound.  No  discernible  changes 
are  observed  in  wake-vortex  transport  and  decay  over  a  normalized  Brunt- Vaisala 
frequency  range  of  0.2  to  0.5.  Wake-vortex  rebound  due  to  viscous  ground  interaction 
is  observed  to  occur  about  one  time  unit  after  the  arrest  of  the  initial  vertical  descent. 
For  wake  vortices  generated  sufficiently  close  to  the  ground,  the  rebound  is 
immediate.  An  effect  of  stratification  on  the  rebound  process  is  not  observed  over  a 
range  of  normalized  Brunt-Vaisala  frequencies  of  0.07  to  0.35.  Furthermore,  neither 
winds  aligned  with  the  wake  axis  nor  wind" shear  in  this  direction  appear  to  influence 
the  rebound  process. 


ANALYTICAL  AND  NUMERICAL  INVESTIGATIONS  OF  THE 
AIRCRAFT  CONDENSING  VORTEX  WAKE 

AB.  Miller,  A.L.  Stasenko,  V.V.  Vyshinsky 

Central  Aerohydrodynamic  Institute  (TsAGI ),  Zhukovsky,  Russia 

The  interest  to  the  processes  of  atmosphere  vapour  condensation,  particle 
creation  and  their  subsequent  agglomeration  in  the  aircraft  vortex  wake  is 
provided  by  the  actual  environmental  problems.  The  aim  of  these  investigations 
is  to  obtain  simple  precise  formulae  for  the  droplet  and  crystals  concentration 
and  mass  fraction  for  certain  physical  regions  and  to  compare  them  with  the 
results  of  numerical  research  which  have  been  carrying  out  parallel  with  the 
first.  Condensation  and  aglomeration  are  considered  on  the  “background”  of 
the  gasdynamical  field  of  the  vortices  and  jet  of  aircraft.  Analytical  approach 
indude  finding  of  self-similar  solutions  and  the  disturbances  theory.  In  order  to 
create  a  real  modd  of  a  gas  vdodty  field  in  the  vortex  wake  a  various  turbulent 
modds  are  used.  They  indude  also  a  self-  similar  low  for  the  turbulent  vdodty 
coeffirient.  In  conclusion  an  optical  properties  of  aircraft  condensing  vortex 
wake  are  researched. 

The  work  is  supported  by  International  Science  and  Technology  Center,  Projects 
#200,  #1018. 


INQUIRY  INTO  THE  GROUND  ATC/ATM  REQUIREMENTS  FOR 
METEOROLOGICAL  DATA 

Bernard  Monnier.  Frederic  Barbaresco 
THOMSON-CSF  AIRSYS.  Bagneux.  FRANCE 
monnien'rt!airsys.thomson  /  Fax  :  33.1.40.84.36.31 

The  aim  of  this  inquiry  is  to  access  the  actual  and  future  needs  for  meterological 
information  in  the  domain  of  ATC.  The  assessment  has  been  achieved  by  sending  a 
questionnaire  to  24  European  and  non-European  CAA  organisations  but  also 
airports  and  Eurocontrol.  This  questionnaire  was  designed  to  find  out  the  needs  for 
new  meteorological  facilities  as  supplementary'  of  information  to  french  CENA 
inquiry  which  dealt  with  the  needs  of  the  controllers  for  meteorological  information. 
This  inquiry  lias  tackled  different  thematics  :  data  quality,  meteorological 
phenomena,  man  machine  interface,  simulations  and  recording,  new  capabilities. 

prospectives  thematics . Answers  analysis  has  revealed  expectation  for  a  better 

weather  information,  centralized  on  a  common  interface  and  particularly  for  storm 
forecasting  visualization  in  order  to  increase  safety.  It  appears  that  En-route  flying 
requires  turbulences  and  icing  danger  estimation.  For  accident/incident 
investigation,  they  asked  for  ability  to  exploit  weather  data  recording.  It  appears  that 
detection  and  tracking  of  thunderstorms  requires  a  forecast  period  from  15  minutes 
to  3  hours.  This  inquiry’  has  been  funded  by  European  Communauty  for  the  project 
named  4MIDaBLE  (« 4D  Meteorological  Information  Data  Base  Linked  across 
Europe  »)  in  a  consortium  including  Meteo  France.  UK  Met  Office,  Sofreavia  and 
Thomson-CSF  which  was  responsible  of  the  study  of  meteorological  requirements 
for  Air  Traffic  Management.  We  will  present  its  results  in  this  paper. 


STORM  FORECASTING  WITH  RADAR  IMAGE  PROCESSING 
BASED  ON  MODEL-CONSTRAINED  &  GEODESIC  ACTIVE  CONTOURS 

Bernard  Monnier.  Frederic  Barbaresco 
THOMSON-CSF  AIRSYS.  Bagneux.  FRANCE 
monnicrmairsys.thomson  /  Fax :  33.1.40.84.36.31 

The  aim  of  this  study  is  to  perform  a  short-term  nowcasting  of  storm  evolution 
(shape  and  position).  Storms  can  be  tracked  by  means  of  adapted  algorithms  based 
on  new  techniques  such  as  geodesic  active  contours  (front  propagation)  combined 
with  (nffine)model-constrained  active  contour  for  deformation  prediction  and 
topological  change  adaptation.  The  efficiency  of  our  methods  will  be  demonstrated 
on  meteorological  radar  images.  This  application  has  one  objective  :  civil  traffic 
regulation  according  to  severe  atmospheric  phenomenon.  These  works  have  been 
included  in  the  European  4DMJDaBLE  project. We  will  describe  two  main  image 
procedures  used  for  thunderstorm  clouds  tracking  :  geodesic  active  contours  based 
on  Hamilton-Jacobi  formulation  of  curve  evolving,  and  model-constrained  active 
contour  based  on  Euler-Lagrange  formulation  with  affine  deformable  model. 
Finally,  we  will  expose  the  new  associate  algorithmic  chain  for  storm  clouds 
detection  and  tracking,  that  manages  topological  changes  and  allows  short  term 
forecasting  from  5  to  20  minutes  of  clouds  deformation.  The  efficiency  of  our 
methods  will  be  demonstrated  on  multisensor  atmospheric  images  :  radar 
(meteorological  radar,  meteo.  channel  of  Airport  Approach  Radar),  VHF 
interferometer  (SAFIR)  and  satellite  images  (Meteosat).  Correlation  between  SAFTR 
and  Radar  data  has  been  demonstrated  on  real  records. 


A  SUCCESS  STORY  BETWEEN  NAV  CANADA  (Nation’s  provider  of 
civil  air  navigation  services)  AND  ENVIRONMENT  CANADA. 

Author:  Michel  Nadeau,  B.Sc.  ,  Environment  Canada, 

100  Bl.  Alexis-Nihon,  St-Laurent,  Qc,  Canada.  H4M  2N8 
Tel  :  +1-514-2831123,  Fax  :  +1-514-2831131, 

E-mail  :  michel.nadeau@ec.gc.ca 

With  the  increase  in  the  number  of  flights  and  the  need 
to  provide  cost  efficient  weather  services,  the  WWW  has 
revolutionized  NAV  CANADA  ’  s  means  of  providing  this 
service.  The  level  of  popularity  has  surpassed 
expectations.  The  main  goal  was  to  increase  the  quality 
of  service  to  pilots  without  an  increase  in  operational 
costs.  The  option  that  was  put  to  test  :  give  the  users 
the  opportunity  to  brief  themselves  before  contacting 
the  Flight  Service  Station  (FSS) .  As  a  result, 
consultation  time  has  diminished  and  become  more 
efficient.  In  this  instance,  the  use  of  the  Internet  has 
succeeded  in  uniting  major  premises,  bringing  together 
data  accuracy,  efficient  access  and  packaging  information 
according  to  the  users  needs.  Now  both  the  pilot  and  the 
FSS  briefer  possess  the  crucial  material  required  to 
conduct  effective  and  safer  exchange  of  information.  The 
pilots ’ imputability  has  thus  been  raised  considerably. 
The  poster  will  display  all  aspects  of  this  success  story 
about  providing  better  services  to  an  increasing  number 
of  users  without  raising  operational  costs. 
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USER  SENSITIVITY  TO  CEILING  AND  VISIBILITY  AND  ITS  INFLUENCE  ON 
TERMINAL  FORECAST  VERIFICATION 

R.  Patton.  N.  Halsey,  R.W.  Lunnon 

The  Met.  Office,  London  Rd.,  Bracknell,  Berks.,  RGI2  2SZ,  UK 
rpatton(g  meto.gov.uk/Fax:  +44  1344  854412 

The  paper  describes  two  distinct  activities: 

a)  For  transport  aviation  users  sensitivity  is  measured  by  the  cost  to  the  user  of  a  wrong 
forecast.  The  costs  incurred  to  airlines  in  the  use  of  optimistic  and  pessimistic  forecasts  of 
ceiling  and  visibility  at  the  destination  and  diversion  airports  usually  occur  at  the  planning 
stase  with  respect  to  fuel  loading  procedures.  The  actual  cost  that  results  is  affected  by  the 
decisions  made  by  the  captain  of  the  aircraft  at  the  various  stages  of  the  flight.  For  general 
aviation,  although  the  sensitivity  to  particular  meteorological  parameters  is  quantified,  it  is 
not  possible  to  derive  an  economic  cost/benefit.  The  sensitivity  is  derived  through 
questionnaires  to  GA  pilots,  flying  clubs  and  flight  briefing  units. 

b)  Verification  of  Terminal  Aerodrome  Forecasts  (TAFs)  is  not  straightforward  owing  to. 
the  complex  format  in  which  the  forecasts  are  given.  A  brief  discussion  is  given  showing 
that  assumptions  have  to  be  made  as  to  forecast  interpretation  before  any  verification 
scheme  can  be  derived.  An  appropriate  scheme  is  then  selected  that  caters  for  user 
sensitivity. 

Results  of  these  two  activities  are  combined  to  give  a  measure  of  the  cost  of  inaccurate 
forecasts  at  a  particular  site.  This  cost  is  then  compared  with  the  costs  incurred  using  a 
perfect  forecast. 


INVESTIGATION  INTO  LIGHTNING  STRIKES  TO  HELICOPTERS 
OPERATING  OVER  THE  NORTH  SEA 

R.  Patton,  R.W.  Lunnon 

The  Met.  Office,  London  Rd.,  Bracknell.  Berks..  RG12  2SZ.  UK 
rpatton@meto.gov.uloT ax:  +44  1344  854412 

A  preliminary  study  to  investigate  lightning  strikes  to  helicopters  operating  over  the  North 
Sea  showed  that  on  a  significant  number  of  the  events  the  pilots  reported  no  previous 
lightning  activity  to  be  present.  This  led  to  the  hypothesis  that  the  helicopter  triggered  the 
lightning  strike  as  a  result  of  its  presence  at  that  point  in  space  and  time.  This  study  set  out 
to  investigate  the  meteorological  conditions  surrounding  the  lightning  strikes.  Eleven 
incidents  dating  back  to  1992,  have  been  studied.  Data  has  been  extracted  from  Met. 

Office  archives  for  the  dates  and  times  of  the  incidents.  The  analysis  of  the  synoptic  data 
(synoptic  charts  and  satellite  pictures)  showed  that  in  all  eleven  cases  being  studied, 
cumulonimbus  (Cb)  clouds  were  in  the  vicinity.  This  information  is  not  strictly  in 
contradiction  to  the  previous  study  in  that  the  Cbs  may  not  have  started  producing  lightning 
until  the  helicopter  flew'  into  it.  It  is  true  to  say,  however,  that  large  charged  regions  will 
have  developed  within  these  Cbs. 

A  null  data  set  was  generated  from  dates,  times  and  locations  when  similar  Cb  clouds  were 
present  alongside  helicopters  and  a  lightning  strike  didn't  occur.  The  meteorological  data 
from  this  null  data  set  was  then  compared  with  the  meteorological  data  from  the  eleven 
strike  incidents  that  are  being  studied  in  depth. 


INFLUENCE  OF  WIND  PREDICTION  ON  THE  CAPACITY  OF  A 
TIME-BASED  ATM  SYSTEM 

W.D.  Pekela 

National  Aerospace  Laboratory  (NLR),  Amsterdam  pekela(a  nlr.nl/Fax:  020-5113210 

With  the  fast  growing  air-traffic  and  stringent  environmental  regulations,  the  Air 
Traffic  Management  (ATM)  system  faces  new  demands.  According  to 
EUROCONTROL  studies,  a  time-based  ATM  system  could  satisfy  these  demands. 
Within  a  time-based  environment,  the  accuracy  of  the  current  arrival  times  prediction 
has  to  be  improved  in  order  to  improve  the  capacity  whilst  maintaining  the  same  level 
of  safety  (separation).  This  paper  presents  the  results  of  a  small  scale  experiment 
which  investigated  the  influence  of  the  current  wind  prediction  on  the  accuracy  of 
ground  based  arrival  time  prediction.  Forty-two  inbound  flights  to  Schiphol  Airport 
(The  Netherlands)  were  executed  under  the  condition  of  a  constant  speed  and  a 
continuous  descent  from  an  instructed  top  of  descent  (TOD).  Arrival  times  were 
predicted  w  ith  an  algorithm  using,  amongst  others,  the  speed  and  TOD  instructions 
and  the  wind  information.  Arrival  times  calculated  with  the  actual  winds  (as  observ  ed 
onboard  the  participating  aircraft)  instead  of  the  predicted  winds,  showed  an 
improvement  in  accuracy  of  approximately  one-third.  This  indicates  that  under  the 
condition  of  a  constant  speed  and  a  continuous  descent  from  an  instructed  TOD.  the 
accuracy  of  the  wind  prediction  has  a  large  influence  on  the  accuracy  of  the  arrival 
times.  From  this  experiment,  it  can  be  deduced  that  improved  wind  prediction  is 
required  to  improve  the  capacity  of  a  time-base  ATM  system.  Further  research  should 
therefore  focus  on  improving  the  wind  prediction  e.g.  by  using  a  data-link  between  the 
aircraft  and  the  ground.  With  the  data-link.  meteorological  information  observed 
onboard  the  aircraft  could  be  transferred  to  the  ground,  using  the  aircraft  as  a  weather 
station. 


THEORICAL  STUDY  OF  THE  DRIZZLE  FORMATION  BY  CO¬ 
ALESCENCE 

F.  Pigeonneau  (1,2),  D.  Guffond  (1)  and  F.  Feuillebois  (2) 

(1)  ONERA  8,  rue  des  Vertugadins  92190  Meudon,  France,  (2)  PMMH 
(Physique  Thermique),  ESPCI  10,  rue  Vauquelin  75231  Paris  Cedex  05,  France. 
franckCpnmih.espci.fr/Fax:  [33]  1  40  79  47  95 

Supercooled  drizzle  is  a  meteorological  hazard  that  can  have  fatal  consequence 
for  small  airplanes  because  ice  accretion  can  occur  aft  the  protection  area.  The 
growing  process  for  drizzle  that  cannot  be  explained  by  water  phase  change 
can  be  due  to  droplet  coalescence.  Especially,  in  the  case  of  non  convective 
clouds,  the  drizzle  growth  was  observed  to  be  related  to  a  wind  shear  at  the 
top  of  the  cloud.  We  describe  the  evolution  of  the  drop  spectrum  in  term  of  a 
stochastic  equation.  The  collision  rate  is  determined  for  the  shear  turbulence 
flow.  The  hydrodynamic  interactions  and  the  van  der  Waals  forces  are  taken 
into  account.  The  stochastic  equation  is  solved  by  the  Kovetz-Olund  method  by 
using  a  quadratic  finite  element  interpolation.  The  time  necessary  to  form  large 
droplets  is  calculated  as  the  time  of  increase  of  the  median  volumic  diameter. 
This  time  is  compared  with  experimental  observations. 


NEW  METEOROLOGICAL  DATA  FUSION  CONCEPTS 
FOR  STORM  NOWCASTING  APPLIED  TO  ATC 
Philippe  RICHARD 

DIMENSIONS  -  13 106  Rousset  Cedex  -  France  -  Fax  :  +33.4.42.29.09.39 

The  objective  of  the  development  of  new  concepts  for  storm  nowcasting  is  to 
provide  in  real-time  to  a  meteorological  data  end-user  such  as  the  air-traffic 
controler  a  synthetic  information  about  the  storm  evolutions  which  shall  be 
sufficiently  detailed  and  accurate  to  enable  immediate  identification  and  anticipation 
of  hazardous  phenomena  caused  by  thunderstorms. 

The  synthetic  information  is  based  on  the  fusion  of  weather  radar  data  and  SAFIR 
total  lightning  activity  data  ;  it  benefits  from  the  complementarity  of  these  two 
informations  for  the  identification  of  storm  phases  such  as  highly  convective  growth 
phase  which  perturbs  the  en-route  traffic  or  intense  precipitation  downburst  phase 
w  hich  can  be  hazardous  in  the  terminal  area. 

Data  fusion  is  performed  on  a  pixel  by  pixel  (1  km’)  basis,  using  a  two  dimensional 
fusion  matrix  combining  radar  reflectivity  and  total  lightning  density,  by  setting 
classes  directly  related  to  the  phase  and  intensity  of  the  storm  activity.  It  provides  a 
synthetic  map  of  hazardous  storm  areas,  and  gives  to  the  end-users  an  information 
which  is  no  longer  a  complex  set  of  weather  information,  but  represents  the  different 
cases  of  potential  perturbation  of  The  air  traffic,  and  thus  can  be  used  for  decision 
aid. 

This  approach  shall  be  illustrated  with  air-traffic  situations  during  the  presentation. 
The  basic  concepts  were  developed  by  Dimensions  within  the  European  project 
4Midable  (4D  Meteorological  Information  Data  Bases  linked  across  Europe)  funded 
by  DGVII  (Transports)  of  the  European  Union. 


GIANT  SUPERCOOLED  DROPS  IN  Cb 

J.  L.  Sanchez,  A.  Vega,  J.  L.  Marcos,  R.  Fraile 

Lab.  Fisica  de  la  Atmdsfera.  Universidad  de  Leon.  Spain,  dfqjsg@unileon.es 

During  the  summer  of  1997  a  Campaign  was  carried  out  in  the  Ebro  Valley 
(Spain)  to  measure  certain  characteristics  of  storm  cells.  Three  kinds  of 
platform  were  used  for  observation:  the  Meteosat  and  NOAA  satellite,  a  C- 
212  equipped  with  various  kinds  of  sonde  for  measuring  cloud  microphysics, 
and,  finally,  a  meteorological  radar  (Band  C)  with  the  TITAN  and  RDAS 
systems  for  data  acquisition  and  processing.  The  study  zone  was  a  circular 
area  of  about  160  km  in  radius,  centering  on  the  city  of  Zaragoza.  The 
proximity  of  the  Mediterranean  means  that  in  conditions  of  thermodynamic 
instability,  moisture  spreads  very  quickly  through  the  Valley. 

A  flight  made  on  the  16  July  1997  was  selected,  because  drops  of  this  kind 
appeared  in  the  interior  of  a  storm  cell,  carried  upwards  by  a  strong 
ascending  current  (a  maximum  updraft  >20  m/s  was  recorded).  It  was 
possible  to  see  signs  of  ice-forming  on  the  aircraft.  The  C-212  penetrated 
the  cell  from  the  right-hand  southern.  The  temperature  at  the  cloud  base 
was  +9°C  and  the  flight  altitude  was  at  -2°C.  The  presence  of  a  gigantic  drop 
can  be  appreciated,  which,  if  perfectly  spherical,  would  have  a  diameter  of 
4637.4  um.  On  average,  in  the  region  where  the  increase  in  the  volume  of 
liquid  water  is  most  noticeable,  the  drops  have  a  diameter  of  715.5  um, 
which  indicates  that  the  small  drops  are  scarce.  After  crossing  various 
sections  of  the  cloud,  it  was  possible  to  see  signs  of  ice-forming  on  the  skin 
of  the  aircraft. 
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PROCEDURE  FOR  SCIENTIFIC  FLIGHTS  IN  Cb 

J.  L.  86nchcz,  A.  Vega,  J,  Ajo,  O.  Serrano 

Lab.  Fisica  do  la  Atm6$fera.  Unlversldad  do  Leon.  Spa)n.dfqjsg@unlleon.es 
Dopaftamento  de  Experlmentacl6n  on  vuelo.  INTA.  Spain 

Within  the  EURICE  Program,  in  the  Ebro  valley  an 
experimental  procedure  has  been  developed  for  the 
characterization  of  severe  convective  phenomena.  Among  the 
actions  which  have  been  carried  out  in  the  summer  of  1 997  we 
can  point  out  the  elaboration  of  a  manual  for  flights  inside  the 
storm  cells,  to  enable  the  penetration  Into  those  zones  which 
are  scientifically  interesting  for  storms,  minimizing  the  flights 
risks.  The  information  provided  by  those  flights  has  allowed  us 
to  progress  in  the  knowledge  of  the  characteristics  of  storms  in 
a  certain  area  of  Spain,  the  Ebro  valley,  which  is  overflown  by 
one  of  the  most  widely  used  air  corridors  in  Europe. 


Developing  Grid  Interaction  and  Product  Generation  Tools  for 
NWS  Aviation  Forecasters 

Lynn  A.  Sherretz,  Dennis  Rodgers,  Anne  Wilson,  NOAA/FSL 
National  Oceanic  and  Atmospheric  Administration/Forecast 
Systems  Laboratory 
Sherretz@fsl.noaa.gov 

This  presentation  will  describe  the  effort  by  NOAA  Forecast 
Systems  Laboratory  (FSL)  to  develop  software  tools  that  will 
enable  National  Weather  Service  (NWS)  aviation  forecasters  to 
efficiently  add  value  to  (edit)  high-resolution  gridded  Aviation 
Impact  Variables  (AIV)  generated  automatically  by  forecast 
models  and  post-processing  algorithms.  Examples  of  AIVs  are 
icing,  turbulence  and  clouds.  The  software  tools  will  also  enable 
graphical  and  text  products  to  be  efficiently  generated  from 
those  value-added  AIVs.  The  value-added  AIVs,  which  will  be 
made  available  to  the  aviation  community  via  the  NWS  Aviation 
Digital  Data  Service  (ADDS)  and  NOAAport,  will  also  be 
appropriate  for  supporting  FAA  automation  systems  and  free 
flight. 

We  are  developing  the  software  tools  to  run  within  the  FX- 
Advanced  meteorological  workstation  which  is  the  basis  of  the 
National  Weather  Service  (NWS)  Advanced  Weather  Interactive 
Processing  System  (AWIPS).  Initial  versions  of  the  tools  are 
being  evaluated  at  the  NWS  Aviation  Weather  Center  in  Kansas 
City,  Missouri,  USA. 


AN  OVERVIEW  OF  PROJECT  SOCRATES 

E-  Spitzer  (1),  F.  Rees  (2),  W.  VonWinkle  (2),  R.  Williams  (3) 

( I )Vo!pe  National  Transportation  Systems  Center,  (2)  Flight  Safety  Technology,  Inc., 
(3)  Lockheed  Martin  Ocean,  Radar  and  Sensor  Systems 
spitzer@yolpel.dot.gov,  FAX:(6 17)494-3623 

Project  SOCRATES  is  a  research  and  development  project  aimed  at  addressing  air 
safety  and  airport  productivity  through  application  of  advanced  technologies 
previously  investigated  for  the  U.S.  Department  of  Defense.  The  basic  premise  is 
remote  detection  and  localization  of  acoustic  signatures  from  man-made  and  natural 
atmospheric  turbulence.  An  acousto-optic  technology  is  used  to  sense  low  frequency 
sound  that  has  propagated  from  the  atmospheric  hazard  to  an  optical  sensing  beam. 
This  presentation  will  describe  the  basic  sensing  concept  as  well  as  the  current  effort 
to  demonstrate  concept  feasibility  for  detection  of  sound  generated  by  aircraft  wake 
vortices.  Results  from  measurements  taken  at  JFK  airport  will  be  presented. 
Subsequent  efforts  to  develop  an  array  of  sensors  and  the  processing  to  achieve 
interference  reduction  and  sound  source  localization  will  also  be  described.  The  long 
term  view  is  to  integrate  this  novel  sensing  technology  with  appropriate  air  safety 
systems  to  enhance  overall  capability  and  effectiveness. 


DIAGNOSIS  OF  ICING  AND  NOWCASTING  FOR  AVIATION 

A,  Tafferner  (D,  T.  Hauf  (1),  T.  Hafner  (2) 

(1)  Institut  fur  Physik  der  Atmosphare,  DLR,  Oberpfaffenhofen 

(2)  Deutscher  Wetterdienst,  Offenbach 
arnold.tafferner@dlr.de 

DIANA,  a  system  for  Diagnosing  Icing  conditions  for  Aircraft  and 
Nowcasting  for  Aviation  is  under  development  at  DLR  in  collaboration 
with  the  German  Weather  Service  (DWD).  Multiple  data  sources  like 
conventional  data,  mesoscale  model  output,  satellite  and  radar  data 
together  with  pilot  reports  will  be  used  to  detect  and  nowcast  regions 
where  so-called  "supercooled  large  drops"  (SLDs)  are  likely  to  occur. 
SLDs  are  cloud  droplets  in  the  size  range  of  50  to  500  pm  which  can  lead 
to  rapid  accumulation  of  ice  on  wings  and  tailplane  if  encountered  by 
aircraft.  As  SLDs  cannot  be  explicitly  forecast,  various  icing 
algorithms  implemented  into  the  PennState/NCAR  model  MM5 
provide  a  first  guess  of  these  regions.  In  a  step  by  step  procedure  these 
generally  overforecasted  regions  with  icing  conditions  will  be 
truncated  by  use  of  the  AVHRR  Processing  scheme  Over  cLouds,  Land 
and  Ocean  (APOLLO)  developed  by  DLR.  Radar  measurements  can  be 
used  to  identify  convective  areas  and  freezing  rain.  Pilot  reports  will 
be  used  both  for  verification  and  improvement  of  the  icing  routines. 
Finally,  after  a  testing  periode,  DIANA  will  be  implemented  into  the 
routine  aviation  hazard  warning  service  of  the  DWD. 


AN  AUTOMATED  SCHEME  FOR  PREDICTING  MOUNTAIN 
WAVE  INDUCED  TURBULENCE  FOR  CIVIL  AVIATION 

Julie  Turner 

Aviation  Applications  Research,  UK  Meteorological  Office 
jatumer@meto.gov.uk/Fax:  +44  (1344)  854412 

Clear  air  turbulence  (CAT)  is  a  major  meteorological  hazard  to  aircraft,  and  is 
currently  difficult  to  forecast  with  reliable  accuracy.  Apart  from  frontal  effects  and 
jet  streams,  the  principle  cause  of  CAT  is  mountain-induced  gravity  waves.  These 
form  as  a  result  of  stably  stratified  flow  over  mountainous  terrain,  and  propagate 
upwards  through  the  atmosphere.  The  turbulence  resulting  from  breaking  gravity 
waves  constitutes  a  significant  hazard  to  civil  air  traffic  at  cruising  heights, 
particularly  over  midlatirude  ranges  in  wintertime. 

This  report  investigates  the  potential  of  gravity  wave  drag  parameters  from  the  UM 
to  be  used  as  an  objective  indication  of  mountain  wave  turbulence  (MWT).  Three 
case  studies  over  the  Alps  are  presented,  where  model  data  is  compared  with  actual 
turbulence  reports  from  civil  aircraft.  The  three  cases  represent  contrasting 
meteorological  conditions  over  the  same  area. 

The  results  show  that  the  magnitude  of  the  gravity  wave  stress  vector  is  related  to 
the  frequency  of  positive  turbulence  reports,  although  more  data  is  needed  to 
quantify  this  further.  These  results  will  be  used  along  with  further  studies  to  develop 
an  automated  operational  system  to  predict  areas  and  associated  risk  of  MWT 
encounters  at  cruising  altitudes  across  the  globe. 


E TWIRL:  A  NEW  PAN-EUROPEAN  WAKE  VORTEX  REPORTING 
SYSTEM  AND  DATABASE 

Julie  Turner 

Aviation  Applications  Research,  UK  Meteorological  Office 
jatumer@meto. gov.uk/Fax:  +44  (1344)  854412 

Increasing  demands  on  European  airport  capacity  has  recently  brought  the  issue  of 
wake  vortex  hazards  to  the  forefront  of  aviation  research.  However,  current  wake 
vortex  separation  rules  take  no  account  of  the  effects  of  meteorological  conditions. 
With  sufficient  understanding  of  these  effects,  the  potential  to  decrease  separations 
under  favourable  meteorological  conditions  could  be  realised  without  compromising 
safety  standards. 

The  European  Commission  has  recently  contracted  aviation  specialists  RED 
Scientific  Ltd.  along  with  the  UK  Met.  Office  to  implement  a  Europe-wide  wake 
vortex  incident  reporting  system,  utilising  both  automatic  and  human  data  sources. 
The  project,  named  ETWIRL  (European  Turbulent  Wake  Incident  Reporting  Log), 
will  run  for  two  years,  and  will  develop  a  database  of  wake  vortex  encounters  at 
European  terminals  along  with  comprehensive  meteorological  data. 

This  paper  describes  the  expected  content  of  the  database  together  with  a  discussion 
about  potential  methods  of  data  dissemination  to  interested  parties.  Confidentiality 
issues  and  the  future  role  of  the  database  will  also  be  discussed. 
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ON  THE  SOUND  GENERATED  BY  AIRCRAFT  TRAILING  VORTICES:  A 
DESCRIPTION  OF  THE  PROJECT  SOCRATES  THEORY  AND  MODELING 
EFFORT 

J.  Uhl  man  (H,  J.Grant  (1),  N.Fine  (2),  F.  Rees  (3) 

(l)Naval  Undersea  Warfare  Center,  (2)Engineering  Technology  Center,  (3)  Flight 
Safety  Technologies,  Inc.,  uhlman@c80.npt.nuwc.navy.mil 

Results  are  presented  of  the  Project  SOCRATES  Theory  and  Modeling  study 
concerning  the  acoustic  signature  of  aircraft  wake  vortices.  The  paper,  which  is  an 
account  of  a  work  in  progress,  will  focus  on  the  examination  of  the  physical 
mechanisms  responsible  for  low  frequency  vortex-generated  sound  using  a 
combination  of  analytical,  computational  and  experimental  methods.  A  lagrangian 
vorticity  collocation  method  is  used  to  compute  the  dynamics  of  columnar  trailing 
vortices  and  Powell's  form  of  Ligh thill's  acoustic  analogy  is  used  to  compute  the 
resulting  sound  field.  Analytical  results  for  a  few  canonical  problems,  such  as  the 
sound  radiated  by  small  amplitude  core  vibrations  of  infinite  columnar  vortices  and 
vortex  rings,  are  used  to  validate  the  numerical  calculation  of  the  acoustic  field. 
Results  of  computational  simulations  will  be  shown  for  several  model  problems.  Of 
particular  interest  for  the  wake- vortex  problem  is  the  sound  field  radiated  by  columnar 
vortices  with  periodic  wrapped  vortex  rings  which  are  known  to  form  when  strong 
coherent  vortex  structures  interact  with  the  relatively  weak  small  scale  strucmres 
embedded  in  the  ambient  turbulence.  That  interaction  is  expected  to  be  a  dominant 
sound  radiating  mechanism  for  trailing  wake  vortices.  Computational  and  measured 
sound  field  characteristics  will  be  compared  in  an  attempt  to  support  or  refute  that 
supposition. 


COMPUTATION  OF  WIND  EFFECTS  IN  THE  WAKE  OF 
BUILDINGS  CLOSE  TO  A  RUNWAY 

T.  Utnes,  K.J.  Eidsvik 

Department  of  Structural  Engineering,  NTNU,  Trondheim 
torbjorn.utnes@bygg. ntnu.no/Fax:  +47  73  59  4535 

Large  buildings  close  to  a  runway  may  cause  wake  disturbances  that 
can  influence  landing  and  take-of  conditions  significantly.  This  is 
estimated  by  numerical  flow  simulations.  A  3D  finite  element  formu¬ 
lation  is  applied  in  the  numerical  model.  The  model  is  based  on  the 
Reynolds  equations  with  a  modified  two-layer  (A\  e)  closure.  Special 
wall  elements  are  applied  to  implement  the  wall  boundary  conditions 
accurately.  Realizations  of  the  flow  field  along  the  runway  are  ob¬ 
tained  by  Monte  Carlo  simulations.  Test  results  are  provided  by  ap¬ 
plication  to  flow  around  a  cube,  with  comparison  to  experimental  and 
other  numerical  data. 


OA18  Heterogeneous  and  homogeneous  chemistry 
of  reactive  halogen  compounds  in  the  lower 
troposphere  (joint  with  ST) 

Convener:  Platt,  U. 

Co-Convener:  Moortgat,  G.K. 


An  Interactive  Aviation  Weather  Database  (AWeD) 

R.  Verret,  M.-F  Turcotte,  V.  Souvanlasy  and  M.  Baltazar 
Canadian  Meteorological  Centre 

A  database  of  gridded  aviation-impact  variables  has  been  created  to  be  the  core 
component  of  an  aviation  weather  display  system  designed  to  be  used  as  a  briefing- 
aid  tool.  In  its  current  state  it  includes:  temperatures,  winds,  icing,  turbulence,  cloud 
fraction,  relative  humidity,  vertical  velocity,  tropopause  pressure  and  temperature, 
freezing  level,  total  cloud  cover,  instantaneous  precipitation  rate  at  the  surface  and 
station  pressure.  The  content  of  the  database  is  generated  from  the  operational 
Canadian  Regional  mode!  outputs  on  a  35  km  horizontal  resolution  grid,  at  41  flight 
levels  from  the  surface  up  to  40  000  feet,  and  at  every  3  hours  from  zero-  to  48-h 
projection  time.  The  database  is  updated  twice  per  day  (00  and  12  UTC)  in  real  time. 
The  domain  of  the  database  covers  all  of  Canada,  adjacent  waters  and  a  significant 
portion  of  the  United  States.  The  current  icing  algorithm  used  is  based  on  supercooled 
liquid  water  content  forecast  by  the  driving  model.  The  turbulence  algorithm  is  based 
on  the  deformation  vertical  shear  index  taking  into  account  horizontal  and  vertical 
wind  shear.  Different  other  algorithms  for  icing  and  turbulence  are  also  being  tested. 
METARs  and  TAFs  are  available  through  the  database  and  can  be  displayed  in 
graphical  format.  The  database  is  made  accessible  on  network  through  a  JAVA  based 
graphical  users  interface.  This  application  allows  the  users  to  enter  flight  parameters, 
such  as  departure  and  arrival  airports,  check  points  along  the  planned  route,  estimated 
elapse  time  of  the  flight  and  flight  level.  Series  of  meteorological  products,  all  tailored 
to  each  particular  flight,  in  plan  view  and  vertical  cross-section  along  the  route,  can 
then  be  generated  and  downloaded  to  the  users.  The  system  is  thus  fully  interactive. 
A  verification  system  is  also  under  development  as  part  of  the  database,  in  order  to 
assess  the  reliability  and  performance  of  the.  different  aviation  impact  variable 
algorithms. 


INVESTIGATION  OF  A  GRAPHICAL  AREA  FORECAST  IN  CANADA 
Brian  Wiens;  XWPAC;  EC 

Arctic  Weather  and  Prairie  Aviation  Centre,.  Brian. Wiena&ec.gc.ca 

The  Atmospheric  Environment  Branch  of  Environment  Canada  is  examining  a 
graphical  area  forecast  (GFA)  to  communicate  enroute  aviation  weather 
more  effectively  and  precisely.  The  worded  area  forecast  (FA)  has  been 
the  primary  source  of  enroute  weather  for  general  aviation  in  Canada  and 
the  US  for  over  50  years.  The  restriction*  of  text  are  often  an 
impediment  to  effectively  concum  eating  the  evolution  and  structure  of 
clouds  and  weather.  A  graphical  replacement  overcomes  many  of  these 
limitations  and  has  become  feasible  with  high  speed  tel econmunicat ions 
and  powerful,  affordable  computers.  Potential  user*  have  responded 
favorably  and  several  format*  have  been  demonstrated.  The  aviation 
corxminity  in  Canada  is  currently  being  consulted  to  address  outstanding 
issues  of  content,  readability  and  geographical  domain.  The  sinpleet 
solution  is  a  computer  drawing  package  to  generate  consistent  readable 
products.  A  far  more  exciting  possibility  is  to  store  the  forecast 
information  in  a  geo -referenced  database  from  which  a  limitless  number 
of  information  subsets  can  be  extracted.  These  could  be  varying 
geographical  domains  or  collections  of  weather  elements  at  any  point  in 
time,  displayed  in  two  or  three  dimensional  views.  .  It  is  also  possible 
to  automate  production  of  corresponding  worded  FA,s.  A  database  system 
can  also  facilitate  more  complete  integration  of  observational  data  and 
numerical  guidance  into  forecast  production. 


ACTIVATION  OF  HALOGENS  VIA  HOBr  IN  THE  MARINE 
BOUNDARY  LAYER  -  A  LABORATORY  STUDY 

J.  Adams  ( 1 ).  S.  Fickert(l),  G.K.  Moortgat  (1).  J.N.  Crowley  (I) 

( I )  Max-Planck-lnstitut  fur  Chemie,  Department  of  Atmospheric  Chemistry. 
Postfach  3060.  D-55020  Mainz 

Halogen  activation,  via  uptake  of  HOBr  on  seaspray  aerosol,  is  of  great  interesr  for 
the  chemistry  of  the  remote-  and  polar-  marine  boundary  layer.  Photochemical!) 
active  species  can  be  produced  according  to  the  following  reaction  scheme: 

HOBr(aq)  +  CI‘  +  H’  - ►  BrCl(aq)  -  H:0 

The  BrCI  product  can  (1)  diffuse  to  the  gas/liquid  interface  and  enter  the  gas  phase, 
where  it  photodissociates.  (2)  hydrolyse  back  to  HOBr  or  (3)  react  with  Br'  to  form 
Br:.  which,  in  turn.  ma>  enter  the  gas  phase. 

BrCI(aq)  +  Br'  - ►  Br:(aq)  -  Cf 

The  efficiency  (both  relative  and  absolute)  of  conversion  of  HOBr  to  Br.  and  BrCI. 
depends  on  the  chloride  and  bromide  concentrations  in  the  seasalt  aerosol  and  on  the 
aerosol  pH.  Laboratoiy  experiments  to  investigate  the  interaction  of  HOBr  with 
s>thetic  seasalt  solutions  were  carried  out  using  a  wetted  wall  flow  reactor  /  mass 
spectrometer  combination.  The  results  indicate  that  HOBr  uptake  onto  aerosols  with 
Br'  CT  ratios  encountered  in  the  MBL  results  in  predominate!)  Br:  production.  The 
aqueous  chemistry  of  the  system  studied  was  modelled  using  known  equilibrium 
constants.  The  results  showed  excellent  agreement  with  the  experimental  data. 
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MEASUREMENTS  OF  TROPOSPHERIC  IODINE  OXIDE  IN 
THE  MID-LATITUDES 

B.  Alicke  (1),  K.  Hebestreit  (1),  U.  Platt  (1),  L.J.  Carpenter  (2)  and  W.T. 
Sturges  (2) 

(1)  Institut  fur  Umweltphysik,  Irn  Neuenheimer  Feld  366,  69120  Heidelberg, 
Germany,  (2)  School  of  Environmental  Sciences,  University  of  East  Anglia. 

The  role  of  reactive  halogen  species  (RHS)  in  stratospheric  ozone  chemistry 
is  well  known  today.  The  discovery  of  sudden  tropospheric  ozone  depletion 
events  in  arctic  spring,  which  were  correlated  with  elevated  bromine  levels, 
woke  the  interest  in  tropospheric  chemistry  of  halogens  and  halogen  containing 
species.  Following  the  measurements  of  Bromine  Oxide  in  the  Arctic  in  95/96 
the  question  arouse  if  there  may  be  similar  processes  at  mid-latidudes. 

A  field  campaign  in  Mace  Head  /  Ireland  was  carried  out  in  the  framework  of  the 
HALOTROP  /  ACSOE  projects  in  April  /  Mai  1997.  We  present  measurements 
of  Oa,  NO;*,  SO.*,  HCHO,  HONO,  BrO,  CIO  and  10  by  Differential  Optical 
Absroption  Spectroscopy  (DOAS). 

No  spectral  absorption  of  BrO  or  CIO  could  be  identified  during  the  campaign 
thus  the  concentration  of  BrO  and  CIO  were  below  the  detection  limit.  For  the 
first  time,  however,  it  was  possible  to  detect  10  in  the  free  troposphere.  The 
characteristic  absorption  bands  of  10  between  427.6  nm  and  436.4  nm  could 
be  identified  during  several  days.  The  maximum  10  concentration  was  6  6  ppt 
(at  a  detection  limit  of  1.65  ppt).  A  calculation  of  the  expected  ozone  loss  with 
the  measured  10  concentration  will  be  shown,  also  possible  sources  of  10  will 
be  discussed. 


A  NEW  LABORATORY  APPROACH  TO  HETEROGENEOUS  HALOGEN 
CHEMISTRY 

* 

M,Ammann  (1),  M.  Wachsmuth  (1),  U.  Bahensperger  (1),  D.T.  Jost  (1).  and  H.W. 
Gaggeler  (1,2) 

(l)  Paul  Scherrer  Institute,  CH-5232  Villigen,  Switzerland,  (2)  University  of  Bern, 
CH-3012  Bern,  Switzerland) 
markus.ammann@psi.ch/Fax:  +41-56-3 104435 

Dramatic  ozone  depletion  in  the  Arctic  boundary  layer  has  been  attributed  to  the 
presence  of  bromine  radicals  formed  via  heterogeneous  reactions  with  the  aerosol  of 
the  remote  marine  boundary  layer.  Presently  the  influence  of  bromine  heterogene¬ 
ous  chemistry  on  the  ozone  budget  of  the  less  remote,  more  polluted  boundary  layer 
is  being  discussed.  The  new  project  started  at  Paul  Scherrer  Institute  aims  at  quanti¬ 
fying  the  relevant  reactions  on  tropospheric  aerosol  particles  in  the  laboratory  by 
making  use  of  short  lived  radioactive  isotopes  (86,87Br)  with  a  half-life  of  I  min. 
Such  experiments  basically  allow  the  interaction  of  gaseous  molecules  with  surfaces 
to  be  studied  at  arbitrarily  low  concentration.  In  a  preliminary  study  the  approach 
was  successfully  applied  to  a  mode!  system,  namely  by  studying  adsorption  and 
desorption  of  HI  to  silver  particles.  The  experiments  showed  that  the  interaction  of 
the  molecules  with  the  particle  surface  can  be  described  by  an  activated  chemisorp¬ 
tion  process  determining  the  low  sticking  coefficient  of  HI  on  silver.  In  a  first  ap¬ 
plication,  the  desorption  of  HBr  from  soot  particles  was  studied  to  determine  the 
binding  energy  of  HBr  to  these  particles.  A  broad  distribution  of  chemically  differ¬ 
ent  adsorption  sites  for  HBr  on  soot  was  derived  from  these  measurements. 


CHLORINE  AND  BROMINE  DETECTION  DURING  ARCTIC  OZONE 
DEPLETION  EVENTS  AT  NY  ALESUND. 

T.  Arnold.  M.  Martinez.  D.  Perner.  J.W  Crowley 

and  R.  Seuwen.  Max-Planck-Institui  fur  Chemie.  Saarstr. 

23.  D-55122  Mainz 

Reevaluation  of  the  signals  from  the  peroxy  radical 
chemical  amplifier,  ROx-Box,  obtained  at  the  EC-sponsored 
Arctic  Tropospheric  Ozone  Chemistry  (ARCTOC)  project 
revealed  this  instrument  to  be  sensitive  for  Cl/CIO  as 
well.  During  sunny  periods  the  chemical  amplifier  signals 
often  represent  composites  of  peroxy  radicals  as  well  as 
Cl/CIO.  The  ROx-Box  was  calibrated  in  the  following  for 
active  chlorine  and  the  amplification  mechanism  was 
evaluated. 

A  few  .ppt  of  active  chlorine  appeared  in  boundary  air 
ozone  depletion  events  together  with  bromine  oxide  as 
followed  by  differential  optical  absorption  spectroscopy 
(DOAS).  Apparently  both  halogens  were  actively  involved 
in  ozone  depletion  during  the  campaigns  at  Ny  Alesund. 
Spitsbergen,  in  April  1995  and  1996.  The  discussion  will 
concentrate  on  the  synergy  of  ozone  destruction  by 
bromine  and  chlorine  and  will  be  described  by  a  chemical 
box  model.  The  results  for  chlorine  bring  new  insight  in 
the  mechanism  of  halogen  release  into  polar  boundary  air. 


AN  OVERVIEW  OF  OBSERVATIONS  RELATED  TO  POLAR 
TROPOSPHERIC  OZONE  DEPLETION  CHEMISTRY 

Leonard  A.  Barrie 

Climate  and  Atmospheric  Research  Directorate,  Atmospheric 
Environment  Service,  4905  Dufferin  St.,  Toronto,  Ontario 
M3H  5T4  Canada,  len.barrie@ec.gc.ca/Fax  +1-416-739-4224 

In  the  lower  troposphere  of  the  polar  regions  at  sunrise,  ozone 
depletion  occurs.  It  is  driven  by  halogen  compounds,  particularly 
those  of  Br  and  Cl.  Evidence  suggests  that  the  source  of  these 
halogens  are  heterogeneous  reactions  that  mobilize  sea  salt 
halogens  in  surface  ice  and  snow.  Since  the  early  1980s  when 
tropospheric  ozone  depletion  was  first  observed  in  the  Arctic,  there 
have  been  numerous  observational  studies  of  this  phenomenon. 
The  most  recent  have  been  a  series  of  Polar  Sunrise  Experiments 
(PSE)  at  Alert  Canada  and  the  European  ARCtic  Tropospheric 
Ozone  Chemistry  (ARCTOC)  project  at  Ny  Aiesund/Spitsbergen. 
Other  recent  measurments  indicate  that  tropospheric  ozone 
depletion  also  occurs  in  Antarctica.  Observational  evidence  of  ozone 
depletion  and  related  halogen  chemistry  is  reviewed  in  this  paper.  In 
addition,  a  recently  discovered  link  between  the  atmospheric  cycle  of 
mercury  and  arctic  ozone  depletion  chemistry  is  explored. 


C2-C7  hydrocarbon  concentrations  in  Arctic  snowpack  interstitial  air 

P.  A.  Ariya  (1),  J.  F.  Hopper  (2),  and  G.  W.  Harris  (3) 

(I  )Max  Planck  Institute  for  Chemistry.  Air  Chemistry  Division.  P.O.  3060.  D- 
55020  Mainz.  GERMANY.(2)  Atmospheric  Environment  Service.  4905 
Dufferin  Street.  Dovvnsview,  Ontario.  CANADA  (3)  Department  of 
Chemistry  .  York  University.  4700  Keele  Street.  North  York.  CANADA 

For  the  first  time,  samples  of  interstitial  air  from  within  the  snowpack  on 
an  ice  floe  on  the  Arctic  Ocean  were  collected  during  the  1994  Polar 
Sunrise  Experiment.  The  concentrations  of  C2-C7  hydrocarbons  were 
determined  in  Arctic  snowpack  interstitial  air.  Hydrocarbon 
concentrations  tended  to  be  higher  than  concentrations  in  free  air  samples 
above  the  snowpack,  but  ethyne  concentrations  in  both  interstitial  and  free 
air  were  highly  correlated  with  ozone  mixing  ratios,  consistent  with 
previous  demonstrations  of  the  effects  of  Br  atom  chemistry.  Results 
were  inconclusive  due  to  the  limited  number  of  samples,  but  suggested 
that  there  may  be  some  differences  in  the  chemical  reactions  occurring  in 
interstitial  air  compared  to  the  boundary  layer.  In  this  paper,  we  will 
compare  air  and  interstitial  samples  and  will  discuss  the  potential 
chemical  reactions  involved  in  the  snowpack  and  in  the  gas-phase. 


GAS-PHASE  KINETICS  AND  PHOTOCHEMISTRY  OF  BROMINE  AND 
IODINE  CONTAINING  SPECIES  IN  THE  MARINE  BOUNDARY  LAYER 

P-Bauer  (1),  T.Ingham  (1),  P.Campuzano-Jost  (I),  S.A.Car!  (1),  G.K.Moortgat 
(I),  and  J.N.Crowley  (1). 

(1)  Max-Planck-Institut  fur  Chemie, 
bauer@mpi-mainz.mpch.de /Fax:  +49  6131  305  436 


Recent  field  measurements  have  shown  that  reactive  halogen  species  are 
ubiquitous  to  the  marine  boundary  layer  (MBL).  A  central  role  for  bromine  (Br, 
BrO  and  HOBr,  Br2  and  BrCI )  has  been  invoked  to  explain  the  well  documented 
episodic  depletion  of  ozone  in  the  Arctic  lower  troposphere.  In  addition, 
measurements  of  photolabile  iodine  containing  organics  such  as  CH:I:  or  C3H7I 
and  the  10  radical  indicate  that  iodine  may  also  play  a  crucial  role  in  the  ozone 
budget  of  the  MBL.  In  the  present  study  we  present  experimental,  laser-based 
kinetic  and  photochemical  results  for  the  following  processes: 


HOBr  +  hv 
BrO  +  DMS 
HOI  +  hv 
HI  +  hv 
OH  +  HI 
OH  +  C3H7I 


->  OH  +  Br 
— >  products 

->  OH  + 1 

->  H  +  I 

H;0  +  I 
— >  Products 
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REACTIONS  OF  BROMINE  ATOMS  WITH  ALKENES: 

KINETICS  AND  MECHANISMS  AT  LOW  PRESSURE 

Yu.  Bedjanian.  G.  Poulet  and  G.  Le  Bras 

Laborntoirc  de  Combustion  et  Systemes  Reactifs.  CNRS  and  Universite  d’Orlcans. 
Orleans.  France. 

bedjanianScnrs-orleans.fr/  Fax:  +33238257905 

Autocatahiical  active  bromine  release  from  ice  or  snow  or  sea  salt  aerosol  may  be 
important  in  the  marine  atmosphere  at  high  or  mid-latitudes  (eg  EC  ARCTOC  and 
HALOTROP  project  reports).  The  importance  of  this  process  is  highly  dependent 
on  the  formation  rate  and  stability  of  the  bromine  reservoirs.  Reactions  of  Br  atoms 
with  unsaturated  hydrocarbons  (alkcnes)  have  been  investigated  as  processes  which 
may  form  bromine  reservoirs  in  the  marine  atmosphere.  The  studied  reactions 
include  :  Br  +  cthene.  propone,  trans-2 -butene.  2 -methyl -2 -butene.  2.3-dimcthy|-2- 
butcnc  and  I -hexene. The  mass  spectrometry  discharge-flow  method  has  been  used 
at  total  pressure  =  (0. 5-2.0)  Torr  and  over  the  temperature  range  T=  (233-320)K. 
Both  hydrogen  atom  abstraction  (forming  the  HBr  reservoir)  and  addition  channels 
have  been  observed  for  these  reactions  and  Arrhenius  expressions  have  been 
obtained  for  all  channels.The  atmospheric  implications  of  these  results  will  be 
discussed. 


WHICH  COMPONENTS  OF  THE  SEA-SALT  AEROSOL  PROMOTE  THE  Br  - 
CATALYSED  PRODUCTION  OF  HALOGENATED  RADICALS  ? 

W.Behnkc.  M.  Elend,  U.  Krtger  and  C.  Zetzsch 
Fraunhofer-Institut  fUr  Toxikologie  und  Aerosolforschung,  Hannover 
behidce@ita.  fhg.de/Fax:  +49-511-5350155 

Former  smog  chamber  experiments  (Behnke  et  a 1.,  1995;  1996),  Held  experiments  (Jobson 
et  al.,  1994;  Singh  et  al.,  1996)  and  model  calculations  (Mozurkewich,  1995;  Vogt  et  ai., 
1996)  show  that  halogenated  radicals  are  produced  in  the  presence  of  seaspray  aerosol  and 
ozone.  A  probable  reaction  pathway  is  that  BrO  is  produced  from  the  reaction  of  ozone  with 
Br  atoms;  BrO  reacts  with  HOi  in  the  gas  phase  to  form  HOBr,  which  is  adsorbed  by  the 
aerosol  surface.  In  the  droplets  of  the  wet  aerosol  HOBr  reacts  with  Br'  or  Cl'  to  form  Br2  or 
BrCl.  The  reaction  should  be  dependent  on  the  pH  value  and  on  the  the  ratio  Br'/Cl*.  Iodide 
may  have  an  direct  influence  by  catalysis.  Sulphate  and  nitrate  may  have  an  indirect 
influence  by  changing  the  ionic  strength  of  the  aerosol. 

Our  smog  chamber  experiments  show  an  initial  phase  with  very  low  production  rate  of 
halogenated  radicals,  where  a  few  Br  atoms  are  produced  by  the  known  reaction  of  OH 
radicals  with  Br'.  A  second  phase  is  governed  by  strong  ozone  degradation  promoted  by  the 
production  of  Br:.  In  our  recent  experiments  we  show  that,  during  these  two  phases,  the 
ratio  Br'/Cl'  decreases  from  1/600  to  less  than  1/2000.  A  parallel  decrease  of  the  pH 
value  down  to  less  than  three  is  observed.  This  is  caused  by  the  uptake  of  oxalic  acid 
produced  from  the  degradation  of  hydrocarbons.  Now  begins  the  third  phase  of  the 
experiments  with  a  smaller  production  rate  of  Br  atoms  but  high  production  rates  of  atomic 
Cl.  Finally  the  production  of  halogenated  radicals  decreases.  Previously  we  supposed  that 
this  decrease  was  caused  by  the  loss  of  Br*  or  an  increase  of  the  pH  value.  But  our  recent 
measurements  show  that  the  ratio  of  Br'/Cl'  increases  again  to  1/1000  and  the  pH  value 
decreases.  So  the  cause  of  the  decrease  of  the  production  rate  of  halogenes  is  unclear  and 
requires  further  experiments. 


LABORATORY  STUDIES  OF  TT  IF.  UPTAKE  OF  ATMOSPHERIC 
TRACE  GASES  ON  SOLID  SURFACES 

P.  Behr,  M.  Hreil  and  R.  Zellner 

Institute  of  Physical  and  Theoretical  Chemistry,  University  of  Essen, 

D-451 17  Essen 
Fax: -M9-201-1  $3-3228 

Chemical  interactions  between  gaseous  trace  gases  and  solid  and  liquid 
surfaces  form  an  important  part  of  atmospheric  chemistry.  The  present 
project  focusses  on  the  experimental  investigation  of  the  fate  of  gaseous 
species  (NO,  N02,  N20«.  HO,  HBr,  HOC1  and  HOBr)  on  pure  icc  and 
frozen  salt(acid)-solutions  (NaCi.  NaBr,  HCl  and  HBr).  The  experiments 
were  carried  out  using  the  coated  wall  flow-lube  technique  with  the 
detection  of  gaseous  species  and  reaction  products  by  molecular  beam 
QMS.  Using  the  theory  of  transport  anti  reactions  in  cylindrical  reactors,  we 
were  able  to  derive  the  mass  accommodation  coefficients.  The  results  will 
be  discussed  with  regard  to  (i)  adsorption  equilibrium,  surface  reaction  and 
saturation  as  well  as  (it)  the  influence  on  the  gasphasc  chemistry  of  the 
atmospheric  trace  gases  in  the  presence  of  solid  surfaces. 


THE  REACTION  OF  ATOMIC  CHLORINE  WITH  BENZENE 

F.  Berho,  M.-T.  Rayez,  R.  Lesclaux  and  E.  Villenave 
Laboratoire  de  Physico-Chimie  Moleculaire,  Universite  Bordeaux  1 
lesdaux@cribxl.u-bordeaux.fr  ;  Fax  :  (33)  5  56  84  66  45 

It  is  now  recognized  that  chlorine  atoms  may  participate  significantly  to 
the  oxidation  capacity  of  the  troposphere  since  atom  concentrations  ranging  from 
I04  to  105  molecule  cm*3  can  be  predicted,  as  a  result  of  chlorine  activation  by 
heterogeneous  processes.  On  the  other  hand,  kinetic  and/or  mechanistic  data 
concerning  the  oxidation  processes  of  aromatic  compounds  are  still  rather  scarce. 
The  work  presented  here  gives  a  new  insight  into  the  reaction  of  atomic  chlorine 
with  benzene,  providing  information  both  concerning  reaction  kinetics  and 
mechanisms.  The  experimental  work,  performed  using  flash  photolysis  coupled  to 
UV  absorption  was  complemented  by  quantum  calculations.  The  rate  constant  of 
the  association  reaction  was  investigated  using  the  relative  method  and  was  found 
to  be  very  low  :  k(Cl  +  C6H6)  =  (9.8±4.1)  x  10*15  cm3  molecule1  s'1.  In  fact,  no 
reaction  could  be  observed  in  the  absence  of  oxygen,  and  this  lead  us  to  conclude 
with  the  establishment  of  an  equilibrium  largely  shifted  towards  the  reactants  Cl , 
and  CiH,  .  This  was  confirmed  by  the  theoretical  calculations  which  showed  that  | 
the  chlorocyclohexadienyl  radical,  the  addition  product,  was  fairly  unstable.  As  the 
abstraction  "channel,  leading  to  HCl  and  the  phenyl  radical,  is  largely  endothermic 
at  room  temperature  («  32  kJ  mol !).  it  was  considered  to  be  inefficient.  The  reasons 
for  such  a  slow  reaction  vvere  not  elucidated  yet  and  work  is  still  in  progress. 


KINETIC  AND  PHOTOCHEMICAL  STUDIES  OF  IODINE  OXIDE 
CHEMISTRY 

W.  J.  Bloss .  D.  M.  Rowley.  R.  A.  Cox.  R.  L.  Jones 
Centre  for  Atmospheric  Science.  University  of  Cambridge 
Email:  billflaim.ch.cam.ac.uk  Fax:  +44  1223  336362 

Halogen  atoms  and  halogen  oxide  radicals  X.  XO  where  X*G.  Br  play  an 
important  role  in  the  chemistry  of  the  troposphere,  through  their  participation  in 
catalvtic  ozone  destruction  cycles.  Iodine  compounds  have  the  potential  to  make 
a  significant  contribution  10  tropospheric  o/onc  destruction,  and  have  been 
proposed  as  a  factor  in  mid-latitude  stratospheric  ozone  reduction.  A  knowledge 
of  the  chemistry  of  l  and  10.  photochemical  and  kinetic  data  for  reactions  such  as 
10  +  10.  10  +  XO.  10  +  HO;,  is  necessary  in  order  to  quantify  the  possible  role  of 
iodine  compounds  in  ozone  destruction.  The  technique  of  laser  photolysis  /  U\ 
absorption  spectroscopy  featuring  CCD  detection  lias  been  used  to  investigate  the 
chemistry  of  iodine  monoxide:  The  absorption  cross-section  of  the  10  radical  has 
been  measured,  and  the  kinetics  of  the  10  +  10  reaction  studied  as  a  function  of 
temperature  and  pressure.  OIO  formation  and  loss  in  this  system  has  been 
monitored,  and  a  lower  limit  for  the  OIO  absorption  cross-section  determined, 
The  kinetics  and  products  of  the  10  +  BrO  reaction  have  been  investigated. 


SPECTROSCOPIC  AND  KINETIC  PROPERTIES  OF  XNO;  ( X  =  Br,  I ) 

R  BrOske  ( 1).  F.  Zabel  (2) 

(1)  Physikalische  Chemie/FB  9,  Bcrgische  Universitat-GH  Wuppertal,  Germany 

(2)  Institut  fur  Physikalische  Chemic,  University  Stuttgart,  Germany 
brocske@physchem.uni-wuppcrtal.de  /  Fax:  +49-202-4392505 

Nitryl  halides  (XNO:,,  X  =  Cl,  Br,  I(?))  are  formed  by  the  interaction  of  N;05 
with  sea  salt  particles  and  can  contribute  to  the  radical  budget  in  marine  atmo¬ 
spheres  Spectroscopic  and  kinetic  properties  of  these  compounds  are  not  well 
known.  In  this  work,  BrNO;  and  INO;  were  prepared  in  a  400  1  photoreactor  by 
photolysing  X:/NO:/N;  mixtures  with  light  of  500  nm  Si  5  700  nm  at  1000 
mbar  Long-path  IR  (50.4  m)  and  UV  (3.13  m)  spectra  could  be  measured 
simultaneously  using  an  FTIR  and  a  diode  array  spectrometer.  Photostationary 
concentrations  of  XNO2  were  established  after  *  660  s  and  240  s,  respectively, 
for  BrNO;  and  INO;.  The  UV-V1S  spectrum  of  INO;  shows  local  maxima  at 
246.  286.  and  345  nm  and  is  red-shifted  as  compared  to  the  UV  spectra  of 
CtNO;  and  BrNO;.  Absorption  cross  sections  of  BrNO;  as  determined  from  a 
mass  balance  of  reaction  (1).  BrNO;  +  NO  *>  BrNO  +  NO,  are  in  excellent 
agreement  with  recent  data  of  Schcffier  et  al.  (1997).  ki  was  measured  between 
255  and  293  K,  resulting  in  k,  =  2.3x10''  :e.xp(- 1 7.9  kJ  mof'/RT)  cm3molecuIe* 
's'.  The  observed  stationary  BrNO;  concentrations  suggest  a  rapid  reaction 
between  BrNO;  and  Br  atoms.  The  long  lifetime  of  BrN02  in  the  presence  of 
radical  scavengers  supports  the  results  of  Frenzel  et  al.  (1997)  who  suggested 
that  the  thermal  lifetime  of  gaseous  BrNO;  is  larger  by  four  orders  of  magnitude 
than  previous  results  of  Krcutter  et  at.  (1991). 
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KINETIC  STUDIES  OF  THE  REACTIONS  OF  THE  IO  RADICAL  WITH 
ITSELF,  0(3P)  AND  HOr 

C.  E.  Canosa-Mas,  M.  Flugge,  D.  Shah,  A^Vipond  and  R.  P.  Wayne. 

Physical  and  Theoretical  Chemistry  Laboratory,  University  of  Oxford,  South  Parks 
Road,  Oxford,  0X1  3Q2,  UK. 
vipond@physchem.ox.ac.uk/  Fax:  +44-(0)1865  275410 

Iodine -containing  compounds,  such  as  CH3I,  are  released  into  the  atmosphere  from 
several  natural  sources,  including  oceanic  plankton  and  the  burning  of  biomass.  There 
are  also  potential  anthropogenic  sources  of  iodine,  such  as  CFjI,  proposed  as  an 
alternative  fire  retardant.  Iodine  atoms  are  released  principally  by  the  photolysis  of 
alkyl  iodides,  their  main  fate  in  the  troposphere  being  reaction  with  ozone  to  produce 
IO  radicals.  The  kinetic  results  will  be  presented  from  laboratory  discharge- flow 
studies  of  the  reactions  of  the  IO  radical  with  0(3P),  HO;  and  IO  at  room 
temperature,  employing  chemiluminescence  and  resonance  fluorescence  detection. 
The  reaction  of  IO  with  HO,  is  thought  to  be  important  in  the  troposphere,  and  there 
are  tentative  suggestions  that  the  reaction  with  0(3P)  may  occur  in  the  stratosphere. 
The  self  reaction  of  IO  is  of  little  atmospheric  significance,  but  is  of  interest  to  those 
observing  the  reactions  of  IO  in  the  laboratory.  Information  on  the  overall  rate 
constant  and  the  branching  ratios  for  the  different  channels  will  be  presented. 


Laboratory'  Kinetic  Studies  Of  The  Reactions  Of  Cl  Atoms  With 
Species  Of  Biogenic  Origin. 

C.E.  Canosa-Mas,  E.  Cotter,  D.  Stewart,  K.  Thompson  and  R.P.  Wayne 
Physical  and  Theoretical  Chemistry  Laboratory,  Oxford  University. 
katy@physchem.ox.ac.uk  Fax.  number:  +44  (0)1865  275410. 

The  reactions  of  Cl  atoms  in  the  troposphere,  particularly  in  polar  regions  and  the 
marine  boundary  layer,  have  received  increased  interest  in  recent  years.  Isoprene  is 
one  of  the  most  abundant  biogenic  species  in  the  marine  boundary  layer,  so  that  its 
reaction  with  Cl  atoms  could  prove  to  be  significant. 

Values  of  the  rate  coefficients  for  the  reactions  of  atomic  chlorine  with  isoprene  and 
its  atmospheric  oxidation  products,  methacrofein  and  methyl  vinyl  ketone,  have  been 
determined  both  by  a  relative  rate  technique,  using  gas  chromatography  as  the 
detection  system  for  the  organic  species,  and  by  an  absolute  technique,  involving  the 
use  of  a  discharge  fast-flow  system  with  resonance  fluorescence  detection  of  Cl 
atoms. 

The  results  obtained  so  far  of  the  products  determined  by  gc-ms  will  be  presented 
for  the  Cl  atom  plus  methyl  vinyl  ketone  and  Cl  atom  plus  methacrolein  systems 


OBSERVATIONS  OF  ALKYL  IODIDES  AND  BROMIDES  AT  MACE 
HEAD:  LINKS  TO  MACRO  ALGAL  EMISSION  AND  IO  FORMATION 

L_I  Carpenter  (1).  W  T.  Sturges  ( l),  P.  S.  Liss  (1),  S.  A  Penkett  ( l).  B.  Alicke  (2), 
K.  Hebestreit  (2)  and  U.  Platt  (2) 

( 1 )  School  of  Environmental  Sciences,  University  of  East  Anglia,  (2)  Institute  of 

Physics,  University  of  Heidelberg 

l.carpenter@uea.ac.uk 

High  frequency,  in-situ  GC-MS  measurements  of  a  range  of  biogenic  short-lived 
alkyl  halides  in  air  including  CHBr},  CHBr2Cl,  CH3I,  C2H5I,  CH;ICl,  CH:L  and  the 
hithero  unreported  CHTBr  were  made  at  Mace  Head  during  a  3  week  period  in  May 
1997.  Positive  correlations  were  observed  between  CHBr3  and  CHBr;Cl,  CHjI  and 
C2HiI,  and  CHBr3  and  CHTBr  throughout  the  campaign,  providing  evidence  for 
common  or  linked  biogenic  sources.  During  periods  when  air  masses  were 
impacted  by  emissions  from  local  seaweed  beds,  the  concentrations  of  CHBr3, 
CH:IC1  and  CH:I8r  not  only  showed  remarkable  correlation  but  also  maximised  at 
low  tide.  These  are  the  first  field  observations  to  provide  evidence  for  a  link 
between  the  tidal  cycle  and  iodocarbon  production.  The  total  flux  of  iodine  into  the 
surface  layer  at  Mace  Head,  calculated  using  the  measured  alkyl  iodide 
concentrations,  was  found  to  be  dominated  by  photolytic  destruction  of  CH:I:. 
Photolysis  of  CH3I  contributed  generally  less  than  5%.  The  peak  iodine  flux 
coincided  with  the  highest  levels  of  IO,  measured  by  DO  AS,  during  the  campaign. 


KINETICS  OF  THE  UPTAKE  OF  D20  AND  Br0N02  ON  ICE 

— Chalk/  and  M.J.  Rossi  (EPFL,  LPAS,  CH-1015  Lausanne, 
Switzerland) 

Ice  forms  a  significant  part  of  tropospheric  and  stratospheric  clouds, 
and  is  therefore  an  important  constituent  of  atmospheric  aerosols. 
Because  of  the  role  of  heterogeneous  reactions  in  the  destruction  of 
stratospheric  ozone,  in  which  surfaces  are  involved,  it  is  necessary  to 
understand  how  processes  such  as  cloud  formation,  growth,  and  trace 
gas  interactions  with  ice  occur  in  the  atmosphere.  Therefore,  the  real 
time  kinetics  of  D2O  condensation  and  evaporation  of  D2O  on  ice  have 
been  studied  in  a  very  low  pressure  reactor  (Knudsen  Cell)  using  MS 
detection.  The  kinetics  of  adsorption  has  a  negative  temperature 
dependence:  the  condensation  coefficient  y  of  D2O  on  ice  decreases 
■from  0.30  to  0.05  over  the  temperature  range  140  to  220K.  We  found 
also  a  significant  dependence  of  y  on  the  method  of  preparation  of  the 
ice.  At  180  K  0.23  for  a  bulk  ice  sample,  whereas  for  condensed  ice 
samples  y=  0.17  .  These  measurements  revealed  a  complex  mechanism 
of  interaction  of  D2O  on  ice,  involving  a  precursor  species. 

In  addition,  considering  the  possible  role  of  heterogeneous  chemistry 
of  bromine  species  in  the  springtime  depletion  of  Arctic  tropospheric 
ozone,  we  measured  the  uptake  kinetics  of  Nitrate  Bromine  BrON02 
on  ice  at  temperatures  of  atmospheric  interest  both  with  and  whithout 
HC1  and  HBr.  Possible  atmospheric  implications  of  this  work  will  be 
discussed. 


REACTIVE  BROMINE  IN  THE  MARINE  BOUNDARY  LAYER: 
LABORATORY  STUDIES  OF  GAS-PHASE  AND  HETEROGENEOUS 
PROCESSES. 

J.N.Crowlev  (1 ),  S.  Fickert(l),  J.  Adams  (1),  D.  Bauer  ([),  T.  Ingham  (I) 

( I )  Max-Planck-Institut  fur  Chemie, 
crowley@mpi-mainz.mpch.de  /  Fax:  +49  6131  305  436 

Reactive  bromine  species  (Br,  BrO  and  HOBr,  Br:  and  BrCl )  play  a  central  role  in 
episodic  depletion  .of  ozone  in  the  polar  lower  troposphere  and  may  be  important 
for  the  remote  MBL.  HOBr  links  the  gas-  and  aqueous  phases  where  it  takes  part 
in  ozone  destroying  catalytic  cycles  and  in  liquid  phase  reactions  that  convert  Br'  to 
the  insoluble,  photolabile  molecular  halogens  Br2  and  BrCl,  respectively.  In  the 
present  study,  we  have  examined  the  efficiency  of  halogen  activation  via  the 
heterogeneous  reaction  of  HOBr  on  sea-salt  aerosol  (la  and  lb),  made  new 
measurements  of  the  absorption  cross-sections  and  J-values  of  HOBr  (2),  and  made 
kinetic  measurements  of  the  reaction  between  BrO  and  DMS  (3). 


HOBr  +  Br' 

— » 

Br>  +  OH’ 

(la) 

HOBr  +  Cl' 

— ► 

BrCl  +  OH- 

(tb) 

HOBr  +  h\ 

— > 

OH  +  Br 

(2) 

BrO  +  DMS 

. 

products 

(3) 

The  relevance  of  these  results  to  our  present  understanding  of  halogen  chemistry  in 
the  MBL  is  discussed. 


Modelling  of  low  ozone  measured  at  the  West  Coast  oflreland 
M.J,  Evans1.  K.S.  Law1,  D.E.  Shallcross1,  M.  Bassford2,  T.G.  Spain2, 
P.  Simmonds2,  J. A. Pyle1 

1  Centre  for  Atmospheric  Science.  University  of  Cambridge.  UK 

2  Department  of  Chemistry.  University  of  Bristol.  UK. 
mathew@atm.ch.cam.ac.uk  Fax  +44  1223  336362 

A  boundary-layer  measurement  campaign  was  held  on  the  West  Coast  of  Ire¬ 
land  during  the  summer  of  1996  as  part  of  the  UK  programme  “Atmospheric 
Chemistry  Studies  in  the  Oceanic  Atmosphere’  (ACSOE).  Periods  of  low 
ozone  concentrations  (e.g.  8-14  ppbv)  were  observed  during  the  campaign. 
The  Cambridge  Tropospheric  Trajectory  model  of  Chemistry  And  Transport 
(CiTTy  CAT)  has  been  used  to  investigate  both  meteorological  and  chemical 
explanations  for  these  observations.  Back  trajectories  show  the  meteorological 
importance  of  the  Azores  high  during  these  low  ozone  periods.  This  may  offer 
a  simple  transport  and  chemical  explanation  for  the  low  ozone:  tropical  air 
may  be  advected  northwards  with  in-situ  ozone  destruction  by  photolysis  and 
reaction  of  0(*D)  with  water  vapour.  Measurement  of  high  concentrations  of 
methyl  iodide  at  the  site  concurrent  with  these  low  ozone  episodes  suggests  the 
possibility  that  a  loss  mechanism  involving  halogens  may  in  part  explain  these 
observations.  These  two  possible  explanations  are  evaluated. 
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SPECTROSCOPIC  AND  KINETICAL  INVESTIGATION  ON  BRO  APPLYING 
STATIC  AND  TIME  RESOLVED  RAPID  SCAN  FT-UV  SPECTROSCOPY 


MECHANISTIC  CONSIDERATIONS  FOR  TROPOSPHERIC  HALOGEN 
ACTIVATION  IN  THE  MARINE  AEROSOL 


O.  C.  Fleischmann  1,  J.  Orphal  1,  J.  P.  Burrows  1 

1  Institute  of  Environmental  Physics.  University  of  Bremen,  FB  1 ,  P.O.  Box  33  04  40, 
D-28334  Bremen.  Germany,  e-mail :  oliver@gome5.physik.uni-bremen.de 

We  present  results  of  photolysis  experiments  with  gas  mixtures  of  Br2  and  03  in  a 
cooled  now  cell.  A  flash  photolysis  setup  was  used  to  initiate  homogeneous  reactions 
at  stratospheric  temperatures.  Reaction  products  as  well  as  intermediate  species  were 
observed  by  UV  absorption  measurements.  A  recently  developed  Rapid  Scan  method 
was  used  to  achieve  time  resolved  spectra.  Synchronizing  the  flash  photolysis 
experiment  to  the  FT  scan  mirror  we  observed  the  dynamical  processes  in  the  reactions 
between  Br  and  03,  yielding  information  about  reaction  kinetics.  In  addition,  the 
FT-UV  spectrometer  was  employed  in  static  mode  in  order  to  record  high  resolution 
spectra  of  BrO  at  temperatures  down  to  2 13  K. 


H.  Herrmann  (1.2).  A.  Reese  (1).  F.  Wicktor  (I)  und  B.  Ervens  (I) 

(1) :  Institut  fur  Physikalische  und  Theoretische  Chemie,  FB  8 
Universitat  GH  Essen.  Universitdtsstr.  5.  D-45 1 1 7  Essen,  Germany 

(2) :  Institut  fur  Tropospharenforschung.  Permoserstr.  15,  D-04303  Leipzig. 
Germany 

Results  from  laboratoiy  and  modelling  studies  of  the  formation  and  reactivity  of 
aqueous  phase  free  radicals  which  may  be  involved  in  the  process  of  tropospheric 
halogen  activation  within  the  marine  aerosol  will  be  presented  Laser-based 
methods  have  been  developed  and  applied  for  the  generation  and  time-resolved 
detection  of  radical  species.  Modelling  has  been  applied  to  discuss  complications  in 
the  HOBr-based  halogen  activation  process  under  low  NOx-conditions.  By  reaction 
of  HOBr  with  HCtyCV  in  the  aqueous  aerosol,  the  non-radical  halogen  activation 
process  may  be  accompanied  by  aqueous  phase  radical  processes  involving  the 
bromine  atom  and  the  radical-anions  BrCt\  Br2*  and  Cl2*. 

Contributions  of  reactions  of  the  above-mentioned  free  radicals  to  the  overall 
chemical  conversions  in  the  tropospheric  marine  aerosol  will  be  discussed  by  means 
of  the  recently  developed  chemical  aqueous  phase  radical  mechanism  (CAPRAM). 
This  box  model  combines  the  well  known  gas  phase  RADM2  chemical  mechanism 
with  an  extended  set  of  aqueous  phase  chemical  reactions  taking  into  account 
numerous  chemical  reactions  in  the  aqueous  phase.  An  outlook  on  potential 
developments  and  open  questions  with  regards  to  both  modelling  as  well  as  future 
laboratory  studies  for  understanding  the  marine  aerosol  halogen  activation  process 
will  be  given  focussed  on  conversion  processes  in  the  aqueous  phase. 


MECHANISM  OF  NO*  UPTAKE  BY  SOLID  NaCL 

M  Yu.  Gershenzon  (1).  N.G  Fedotov  (1).  S.D.  Ilm(l).  E.V  Aparina  (2). 

V  V.  Zelenov  (2).  and  Yu  M  Gershenzon  (1.3) 

(1)  Institute  of  Chemical  Physics  (I  C  P.)  Russian  Academy  of  Sciences  (RAS). 

(2)  Institute  of  Energy  Problems  of  Chemical  Physics  RAS  in  Chemogoiovka. 

(3)  Center  for  Fundamental  Research  of  Atmospheric  Chemistry  (l.C.P.) 
^ershenzorvfl/center.chph.ras.ru  /  Fax:  7-095-938-2156 

Chemical  mechanism  of  N03  uptake  on  solid  NaCl  surfaces  has  been  studied  by 
means  of  matrix  isolation/ESR  (MIESR)  and  mass -spectrometry  (MS)  with 
variable  level  of  electron  impact  ionization.  The  method  of  mobile  rod  covered 
by  NaCl  was  used  to  infer  main  features  of  N03  uptake  chemistry  on  solid  and 
humidified  NaCl.  Three  types  of  covering  ha%e  been  tested:  1.  spirit  solution 
sprav.  2  w  ater  solution  spray.  3.  rod  immerging  in  concentrated  water  solution 
and  slow  drving  in  air. 

Low  [XO5J=(3*109-5*l()n  cm'3)  were  studied  with  the  MIESR  technique  while 
high  [NC>3j=l3*5)*1013  cm'3  were  detected  in  MS  studies  In  MS  experiments  Cl 
atom  was  the  primarv  product  of  heterogeneous  reactions  ( la) 
NOj-NaC;=Cl+NO;  or  ( lb)  NOj+NaCMflCfe+NaNOj.  CIO  and  NO;  formed  in 
reaction  (2)  CKN03=CiON0:  were  observed  and  the  balance  of  NO; 
consumed  vs  NO;  formed  was  established.  At  low  [N03J  reaction  (2)  is  most 
probablv  suppressed  bv  heterogeneous  recombination  cf  Cl  atoms  with  liberation 
of  Cl:.  In  presence  of  H;0  vapor  (-I0,4cm*3)  HC1  formation  was  observed  An 
attempt  to  explain  the  morning  h\drocarbons'  consumption,  observed  in  Pacific 
Exploratory  Mission  has  been  done 


REACTION  RATE  AND  CHEMICAL  MECHANISM  FOR  THE  GAS  PHASE 
REACTIONS  OF  Cl  ATOMS  WITH  CH2IC1  AND  CH212 

Department  of  Chemistry,  University  of  Crete,  Heraklion  714  09,  Crete,  Greece 
pano  sp@talos.ee.  uch.gr/Fax:  +30  81  210951 

Iodinated  compounds  have  been  detected  in  the  lower  troposphere  and  in  marine 
environments  in  the  range  of  several  ppt.  They  are  mainly  emitted  by  biogenic 
processes  that  occur  in  the  marine  boundary  layer.  Their  tropospheric  degradation 
mechanism  is  important  in  the  understanding  of  the  atmospheric  chemistry  of  Iodine 
atoms.  In  general,  iodinated  compounds  are  very  photolabile  species  and  probably 
undergo  efficient  photodissociation  in  the  troposphere.  However,  they  may  also  react 
mainly  with  OH  radicals,  or  probably  with  halogen  atoms  in  marine  environments 
where  the  concentration  of  halogenated  species  is  high.  This  work  studied  the 
homogeneous  reaction  of  Cl  atoms  with  two  iodomethanes  of  biogenic  origin, 
CH;ICI  and  CH:I;  at  very  low  pressures,  by  using  the  Very  Low  Pressure  Reactor 
(VLPR)  technique.  The  absolute  rate  constants  at  room  temperature  were  greater 
than  1  x  10*n  cm3  molecule*'  s\  suggesting  that  both  reactions  occur  via  the 
formation  of  an  intermediate  weak  adduct  between  the  incoming  Cl  atom  and  the 
iodine  end  of  the  molecule.  Mass  spectrometric  analysis  of  the  reaction  products 
revealed  the  appearance  of  ICI  and  HC1  as  final  products,  with  no  evidence  of  the ! 
atom  displacement  reaction. 


FIRST  DOAS  MEASUREMENTS  OF  TROPOSPHERIC  BRO  AT 
MID  LATITUDES: 

THE  DEAD  SEA  VALLEY  AS  A  NATURAL  LABORATORY 
K.  Hebestreit  (1),  J.  Stutz  (1),  M.  Luria  (2),  M.  Pcleg  (2),  V.  Matveiv  (2), 
D.  Rozen  (2)  and  U.  Platt  (1) 

(1)  Institut  fur  UmweUphysik,  University  of  Heidelberg,  INF  366,  D-69120 
Heidelberg,  Germany,  (2)  The  Hebrew  University  Jerusalem,  91904  Israel, 
hbfluphysl  .uphys  .uni-heidelberg.de/Fax:  [+49]  6221-54-6405 
I11  the  mid  80fA  sudden  boundary  layer  ozone  depletion  events  were  discovered 
in  arctic  spring.  The  simultaneously  high  BrO  concentration  awoke  the  interest 
in  the  sources  and  chemistry  of  halogen  oxides  in  the  troposphere.  Recently  the 
influence  of  BrO,  CIO  and  10  on  the  mid  latitude  boundary  layer  chemistry 
was  examined.  Since  sea  salt  is  suspected  to  be  a  source  of  halogens,  most  of 
the  investigations  have  been  concentrated  on  coastal  clean  air  sites  like  Mace 
Head  (Ireland).  So  far  no  BrO  has  been  found  at.  low  and  mid  latitudes. 

In  spring  1997  a  campaign  of  the  Hebrew  University  Jerusalem  and  the  Univer¬ 
sity  of  Heidelberg  was  performed  at  the  Dead  Sea.  By  using  DOAS  (Differential 
Optical  Absorption  Spectroscopy)  and  some  other  different  analytical  systems 
BrO  and  a  number  of  other  species,  i.e.  SO.>,  NO/NO, CO,  O3  were  mea¬ 
sured.  During  a  period  of  4  weeks  we  observed  repeating  patterns  of  BrO  and 
03.  The  daily  variation  of  the  concentrations  showed  high  values  of  BrO  corre¬ 
lated  ozone  depletion  during  late  morning.  The  special  morphological  situation 
indicates  the  Dead  Sea  Valley  to  be  a  perfect  outdoor  laboratory  to  observe 
the  influence  of  BrO  on  boundary  layer  ozone  depletion. 


LOW  TEMPERATURE  FTIR-STUDIES  AND  AB-INITIO 
CALCULATIONS  OF  BrOBr  and  BrBrO 

Jennifer  Kolm  ( 1 ).  Bengt  Nelander  (2).  Otto  Schrems  (1).  Peter  Beichert  (1) 

(1)  Alfred  Wegener  Institute  for  Polar  and  Marine  Research,  Bremerhaven,  FRG; 

(2)  Chemical  Center,  University  of  Lund,  Sweden; 

email:  oschrems@awi-bremerhaven.de;  Fax  +49  471  4831425 

The  reversible  photoinitiated  isomerization  reaction  of  BrOBr  to  BrBrO  was 
measured  in  solid  argon  matrices  and  calculated  by  multiconfigurational 
quasidegenerate  perturbation  theory  (MCQDPT).  The  calculated  vertical  excitation 
energies  are  in  good  agreement  with  the  experimentally  observed  excitation 
wavelengths. 

While  the  isomerization  from  BrOBr  to  BrBrO  appears  to  be  quantitative,  some 
product  loss  is  observed  during  the  back  reaction.  The  calculated  excitation  energies 
and  oscillator  strengths  for  transitions  from  the  ground  to  excited  states  offer  a 
detailed  explanation  of  this  behaviour. 

All  three  fundamentals  of  BrOBr  and  BrBrO  could  be  observed.  The  previously 
unknown  frequencies  of  the  bending  vibrations  were  located  at  177.0  cm'1  for  BiOBr 
and  at  170.6  cm'1  for  BrBrO.  In  addition  the  UV -spectrum  of  BrBrO  has  also  been 
measured. 
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THEORETICAL  AB-INITIO  CALCULATIONS  OF  THE  STRUCTURE  AND 
STABILITY  OF  HALOGEN  ATOMS  ADDUCTS  WITH  ALKYL  HALIDES 

Y.G.  Lazarou,  K.  G.  Kambanis,  and  P.  Papagiannakopoulos 

Department  of  Chemistry,  University  of  Crete,  Herakiion  714  09,  Crete,  Greece 

Iazarou@talos.cc.uch.gr/Fax:  +30  81  210951 

There  is  growing  experimental  evidence  that  the  reactions  of  alkyl  halides  with 
electrophilic  groups,  such  as  F  and  Cl  atoms,  occur  via  the  formation  of  an 
intermediate  adduct  between  the  incoming  group  and  the  electron-rich  site  of  the 
halide  molecule.  The  present  work  has  performed  systematic  theoretical  calculations 
in  order  to  elucidate  the  relation  between  structure  and  stability  in  a  series  of  the 
adducts  between  F  and  Cl  atoms  (X’)  and  several  substituted  bromo-  and  iodo- 
methanes  (RX).  The  ab-initio  calculations  were  performed  at  the  MP2/3- 
2 1  ++G(2d,2p)  level  of  theory  for  all  species,  and  were  repeated  at  the  MP2/6- 
3 1++G(2d,2p)  level  for  the  adducts  of  bromomethanes.  The  structure  of  these 
adducts  was  generally  characterized  by  very  close  R-X-X*  angles  (ca.  80  degrees) 
and  minor  perturbation  of  the  structural  parameters  of  parent  halide  molecule.  The 
depth  of  potential  well  of  the  RX-X'  interaction  was  found  to  depend  upon  the 
relative  electronegativities  of  the  two  halogen  atoms  X  and  X',  and  was  deeper  for 
the  Rl-F  adducts  (ca.  100  kJ  mol*1),  while  the  degree  of  halogen  atom  substitution  on 
the  carbon  atom  was  found  to  decrease  the  potential  well.  Vibrational  frequencies  of 
all  species  were  calculated  and  the  corresponding  reaction  enthalpies  and  the  X-X' 
bond  strengths  of  the  adducts  at  0  K  and  298.15  K  were  also  derived. 


TROPOSPHERIC  OZONE  DEPLETION  AND  RELATED  HALO¬ 
GEN  CHEMISTRY  AT  POLAR  REGIONS 

E.  Lehrer  (1),  G.  Konig-Langlo  (2),  U.  Langendorfer  (1),  A.  Minikin  (2),  M. 
Tuckermann  (1),  W.  Unold  (1),  D.  Wagenbach  (1)  and  U.  Platt  (1) 

(1)  Institut  fur  Urmveltphvsik,  INF  3G6, 69120  Heidelberg,  Germany,  (2)  Alfred- 
Wegener-Institut.Postfach  120161,  27515  Bremerhaven,  Germany. 

Since  one  decade  the  phenomenon  of  tropospheric  ozone  depletion  during  spring 
has  been  reported  from  several  Arctic  stations  and  recently  also  from  Neumayer, 
the  German  overwintering  station  in  Antarcica.  Simultaneously  to  tropospheric 
ozone  loss  enhanced  levels  of  BrO  (measured  by  DOAS)  and  f-Br  (non  sea  salt 
bromine  collected  on  cellulose  filters)  could  be  observed.  While  the  mechanism 
of  ozone  depletion  seems  to  be  caused  by  a  chemical  reaction  cycle  including 
free  halogen  radicals  and  halogen  oxides,  the  source  of  these  reactive  halogen 
species  is  still  unclear. 

In  our  presentation  we  will  summarise  our  continous  ozone.  DOAS  and  aerosol 
filter  measurements  of  two  field  campaigns  in  the  framework  of  the  EU  project 
ARCTO’C  during  spring  ’95  and  ’96  at  Spitsbergen/ A  retie.  We  will  give  an 
interpretation  of  the  coupling  between  observed  ozone  and  halogen  species  (i.e. 
BrO  and  f-Br),  which  is  consistent  with  the  proposed  autocatalyticai  recycling 
of  reactive  halogen  species. 

With  the  help  of  ozone  and  halogen  data  from  the  Neumayer  station  a  compar¬ 
ison  of  tropospheric  ozone  loss  at  the  polar  regions  of  both  hemispheres  will  be 
presented.  Special  focus  will  be  put  on  the  differences  in  seasonality,  temporal 
extension  and  frequency  of  the  phenomenon. 


UV-VISIBLE  ABSORPTION  CROSS-SECTIONS  AND 
ATMOSPHERIC  LIFETIMES  OF  CH2Br„  CH2I2  AND  CH2BrI 

J  C.  Mossinger.  D.E.  Shallcross  and  R.A.  Cox 

Centre  for  Atmospheric  Science,  University  of  Cambridge,  UK 

juliane@atm.ch.cam.ac.uk/Fax:+44- 1223-336362 

The  UV-visible  absorption  spectra  of  CH2Br2.  CH2I2  and  CH2BrI.  which  have 
been  found  in  the  troposphere,  have  been  measured  over  the  wavelength  range 
215-390  nm  using  a  dual  beam  diode  array  spectrometer.  The  spectra  consist  of 
broad  continuous  absorption  bands.  CH2Br2  exhibits  its  maximum  cross-section  of 
a  =  2.71(±0.16)xl0*18  cnrmolecule*1  at  A  =  219  nm.  The  magnitude  of  the  peak 
cross-sections  for  the  iodine  containing  molecules  are  a  =  1.62(±0.10)xl0‘18 
cnrmolecule*1  at  X  «  248  nm  and  a  =  3.78(±0.23)xI0‘18  cnrmolecule*1  at  X  =  288 
nm  for  CH2I2.  and  c  =  5.67(±0.34)xl0‘18  cnrmolecule1  at  X  -  215  nm  and  c  * 
2.34<±0. 14)x!0*,s  cnrmolecule*1  at  X  *=  267  nm  for  CH2Brl.  The  temperature 
dependence  of  the  absorption  cross-sections  was  investigated  over  the  temperature 
range  348  K  to  250  K.  A  decline  in  the  cross-sections  with  decreasing 
temperature  was  observed  in  the  tail  of  the  spectra.  At  the  peaks  the  opposite 
effect  was  observed  The  photolysis  rates  of  CH2Br>,  CH212  and  CH;BrI  were 
calculated  as  a  function  of  altitude  and  solar  zenith  angle  using  the  measured 
cross-sections.  Model  calculations  show  that  during  sunlit  hours  CH2I2  and 
CH2BrI  will  be  photolysed  within  minutes  and  hours  respectively.  The  reaction 
with  the  OH  radical  was  found  to  be  the  dominant  loss  process  for  CH2Br2. 


THE  Cl  ATOM  OXIDATION  OF  ISOPRENE  STUDIED  IN  THE 
LABORATORY 


A-Notario  (1),  Y.  Bedjanian  (2),  A.  Mellouki  (2)  G.  Laverdet  and  G. 
Le  Bras  (2) 

(l)  Universidad  de  Castilla-La  Mancha,  1307 1 -Ciudad  Real,  Spain  (2) 
LCSR/CNRS  Orleans  France.  mellouki@cnrs-orleans.fr/Fax:  33-238 
25  7905 

The  reaction  of  Cl  atom  initiated  oxidation  of  isoprene 
(CH2=C(CHi)-CH=CH2  or  CsHg)  is  of  potential  importance  in  the 
marine  atmosphere,  where  both  Cl  atoms  and  isoprene  can  be 
simultaneously  present.  The  chlorinated  oxidation  products  from  this 
natural  source  may  influence  the  tropospheric  budget  of  chlorinated 
species.  In  relation  to  this  issue,  the  kinetics  and  mechanism  of  the  Cl  + 
isoprene  reaction  has  been  investigated.  The  rate  constant  of  this 
reaction  has  been  determined  as  function  of  temperature  and  pressure 
using  two  complementary  methods:  discharge  flow-mass  spectrometric 
and  laser  photolysis-resonance  fluorescence.  The  main  value  obtained 
at  298  K  is  k(CI  +  isoprene)  =  (3,5  ±  0.1)  x  10*“’  cm3  molecule*1  s'1. 
Besides,  the  discharge  flow  study  showed  evidence  for  two  channels: 
addition  of  Cl  atom  and  HCI  elimination.  The  HC1  yield  was  measured 
as  function  of  temperature  and  found  to  be  0. 17  ±  0.02  at  298  K.  The 
atmospheric  implication  of  these  data  will  be  discussed. 


FORMATION  OF  HALOGENS  FROM  THE  HETEROGENEOUS 
REACTION  OF  SEA  SALT 

K_-  W.  Qum.  M.  J,  Lakin,  D.O.DeHaan,  T.  Brauers,  J.  Stutz,  B.  J.  Finlayson- 
Pitts 

Dept,  of  Chemistry,  University  of  California,  Irvine,  CA  92697,  USA 
koum@uci.edu;  mlakin@uci,.edu;  bjfinlay@uci.edu  /  Fax  :  +  1-714-824-3168 

The  heterogeneous  reactions  of  the  sea  salt  particles  with  gases  have  been 
recognized  as  important  sources  for  halogens  in  the  troposphere  in  the  marine 
boundary  region  as  well  as  in  the  Arctic.  A  newly  constructed  aerosol  chamber 
is  equipped  with  long-path  (150  m)  Fourier-transform  infrared  (FTIR), 
differentia!  optical  absorption  spectroscopy  (DOAS),  and  atmospheric  pressure 
ionization  mass  spectrometry  (API -MS).  Recently,  studies  on  reactions  of  sea 
salt  with  O3  have  shown  the  formation  of  CI2  from  the  photolysis  of  O3  in  the 
presence  of  sea  salt  particles  above  their  deliquescence  point  at  room 
temperature,  implying  a  potential  source  for  Cl  atoms  in  the  tropospheric  marine 
boundary  layer.  However,  the  formation  of  Br2  dominated  in  the  reaction  of  sea 
water  ice  with  O3  in  the  dark.  This  may  be  the  potential  source  for  Br  atoms 
initiating  the  ozone  depletion  in  Arctic  during  polar  sunrise.  Reaction 
mechanisms  for  generation  of  CI2  and  Bro  will  be  discussed.  Studies  on  sea  salt 
particles  with  oxides  of  nitrogen  such  as  NCb,  N2O5,  HNO3  and  CIONO2  will 
be  also  presented. 


A  NOVEL  APPROACH  TO  DERIVE  INTEGRATED  HALOGEN 
ATOM  CONCENTRATIONS  FROM  CHANGES  IN  VOC  PAT¬ 
TERN  DURING  TROPOSPHERIC  OZONE  DEPLETIONS 

B.  Ramacher  (1),  R.  Koppmann  (1)  and  J.  Rudolph  (2) 

(1)  Inst.  f.  Atmos.  Chem.  (ICG-3),  Forschungszentrum  Jiilich,  (2)  York  Uni¬ 
versity,  Ontario,  Canada. 

B. RamacherCfz-juelich.de/Fax:  [49]  2461  61  5346 

Tropospheric  ozone  depletions  have  been  observed  in  the  arctic  for  more  than 
15  years.  These  are  caused  by  significant  concentrations  of  bromine  and  chlo¬ 
rine  atoms.  Yet,  no  direct  measurement  technique  for  quantifying  the  amounts 
of  free  halogen  atoms  in  ozone  depleted  air  masses  is  available.  However,  the 
chlorine  and  bromine  concentrations  can  be  estimated  from  changes  in  hy¬ 
drocarbon  pattern.  This  method  depends  crucially  on  the  estimate  of  initial 
hydrocarbon  mixing  ratios,  which  have  been  in  the  air  mass  before  chlorine 
and  bromine  where  injected.  During  spring  the  arctic  troposphere  is  assumed 
to  be  well  mixed.  Thus,  the  initial  mixing  ratios  should  be  similar  to  the  mixing 
ratios  in  air  masses  with  typical  ozone  levels  (30-40  ppb).  Since  ozone  depleted 
air  masses  are  always  isolated  from  the  background  atmosphere  by  inversions, 
it  should  be  examined  how  reliable  those  estimates  of  initial  mixing  ratios  are. 
Changes  in  the  pattern  of  selected  organic  trace  gases  determined  during  the 
ARCTOC  9G  experiment  at  Ny  Alesund,  Spitsbergen,  have  been  investigated 
for  chemical  processing  and  mixing.  The  results  confirm  the  assumption  of  an 
initially  well-mixed  spring  arctic  troposphere.  The  integrated  halogen  atom 
concentrations  derived  in  this  study  agree  well  with  earlier  estimates. 
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GOME  MEASUREMENTS  OF  TROPOSPHERIC  BRO  IN 
NORTHERN  HEMISPHERIC  SPRING 
A.  Richter,  F  Wittrocfc  and  J.  P.  Burrows 

Institute  of  Environmental  Physics,  University  of  Bremen,  Kufsteiner  StraGe, 
D-28359  Bremen,  Germany. 

richterCiup.physik.uni-bremen.de/Fax:  [49]  421-218-4555 
Periods  with  enhanced  tropospheric  BrO  concentrations  have  been  reported  by 
several  groups  both  for  the  Arctic  and  Antarctic  spring.  These  episodes  are  of¬ 
ten  correlated  with  decreasing  tropospheric  ozone  concentrations  and  therefore 
an  indication  of  bromine  catalysed  tropospheric  ozone  destruction. 

In  this  study,  measurements  of  the  satellite  instrument  GOME  have  been  eval¬ 
uated  for  absorptions  by  tropospheric  BrO.  These  data  give  for  the  first  time 
a  global  view  of  the  phenomenon.  Both  the  geographical  extension  and  the 
temporal  evolution  of  the  tropospheric  BrO  events  will  be  discussed  for  the 
first  half  of  1997.  The  global  coverage  of  the  GOME  instrument  also  allows  a 
rough  estimate  of  the  contribution  to  the  tropospheric  bromine  loading  in  the 
northern  hemisphere. 


THE  UV  ABSORPTION  CROSS-SECTION  AND  ATMOSPHERIC 
PHOTOLYSIS  RATE  OF  nOl 

D  M.  Row  lev.  J.  Mossingcr  and  R.A.  Cox 

Ccrnrc  for  Atmospheric  Science.  University  of  Cambridge 

Email:  row  Icy  a  aim.ch.cam.ac.uk/  Fax:  +44  1223  336362 

Gas  phase  hypohalous  acids,  HOX  (X  -  CL  Br.  1)  act  as  temporary  halogen 
reservoir  species  throughout  the  atmosphere.  HOX  species  arc  formed  in  the  gas 
pliasc  reaction  of  the  halogen  monoxide  (XO)  species  with  HO:.  Subsequent 
photolysis  of  HOX  to  yield  OH  +  X  can  lead  to  completion  of  a  cataly  tic  cycle  for 
ozone  destruction.  A  recent  modelling  study  has  show  n  that  HOI  is  the  main  iodine 
containing  species  in  the  troposphere. 

In  this  work,  we  ha\c  measured  llic  UV-visiblc  absorption  cross-sections  or  HOI.  in 
order  to  determine  its  lifetime  with  respect  to  solar  photohsis  in  the  atmosphere. 
HOI  was  prepared  in  a  flash  photolysis  apparatus  using  the  gas  pliasc  reaction  of 
OH  radicals  with  I:.  The  UV  spectrum  of  HOI  was  recorded  using  a  CCD  detector 
and  calibrated  b\  measuring  consumption  of  L.  The  absorption  cross-section  of 
HOI  was  used  to  calculate  the  solar  pholoKsis  rale  of  HOI  in  the  troposphere. 


MODELING  THE  CHEMISTRY  OF  OZONE  AND  HALOGEN 
COMPOUNDS  IN  THE  MARINE  BOUNDARY  LAYER 
Rolf  Sander.  Roland  von  Glasow  and  Paul  J.  Crutzea  (Air  Chemistry  Divi¬ 
sion,  Max-Planck  Institute  for  Chemistry,  Postfach  3060,  55020  M&iaz.  Ger¬ 
many,  email:  sander® mpch-main2. mpg.de,  glasowQmpch-mainz.mpg.de  and 
air@mpch-maiaz.mpg.de) 

Rainer  Vogt  (Ford  Fotscbungszentrum  Aachen,  Deaaewartstr.  25,  5206S 
Aachen.  Germany  email:  rvogt@ford.com) 

The  box  model  *MOCCA:  (Model  Qt  Chemistry  Considering  A«osols}  has 
been  developed  to  study  the  tropospheric  chemistry  in  the  marine  boundary 
layer  (mbl) .  The  chemical  mechanism  considers  gas-phase  reactions  as  well  as 
aqueous-phase  reactions  in  sulfate  and  sea-salt  aerosol  particles.  Photochemi¬ 
cal  reactions  are  switched  on  during  daytime.  Their  rates  vary  according  to  the 
solar  declination.  Apart  from  the  standard  tropospheric  HO*,  CH<i;  and  NO* 
chemistry,  the  chemical  reaction  mechanism  includes  sulfur,  chlorine,  bromine, 
and  iodine  compounds.  Model  results  were  published  for  the  polluted  mbl 
(/  Csophys.  Res.  101D,  9121-9133, 1996)  as  well  as  for  the  remote  mbl  (A’afure 
382.  32T-330;  1996). 

Current  model  development  focusses  on  four  aspects:  1)  The  effect  of  aerosol 
acidity  on  aqueous-phaje  chemistry;  2)  Analysis  of  the  marine  iodine  chemistry: 

3)  Explicit  calculation  of  aerosol  chemistry  as  a  function  of  aerosol  size;  and 

4)  The  effect  of  cloud  processing  on  aerosol  chemistry.  Latest  results  will  be 
presented. 


MULTIPHASE  PHASE  CHEMISTRY  OF  XN02  AND  HOBR  IN 
RELATION  TO  TROPOSHERIC  HALOGEN  ACTIVATION 

F.  Schweitzer,  Ch.  George  and  Ph.  Mirabel  (Equipe  de  Physico- 
chimie  de  L  Atmosphere  -  CNRS,  28  rue  Goethe  F-67083  Strasbourg.) 

Halogen  activation  has  been  observed  in  the  marine  boundary  layer 
(MBL)  both  inpolluted  and  remote  locations.  The  reactions,  that  are 
thought  to  be  essential  for  maintaining  large  amount  of 
photochemically  active  species  in  the  gas  phase,  are  : 

HOBr  +  Y*-+  products 
XNO:  +  Y'->  products 

where  Y  represents  Cl\  Br  or  V.  In  order  to  get  a  throughout 
understanding  of  the  rapid  loss  of  surface  ozone  in  the  MBL,  it  is 
therefore  necessary  to  investigated  the  kinetics  of  these  reactions  and 
to  identity  the  potential  products. 

We  performed  such  a  study  using  the  droplet  train  and  wetted-wall 
techniques  coupled  to  infrared  and  mass  detection  facilities.  Current 
results  describing  the  effect  of  temperature,  aqueous  phase 
composition  on  the  uptake  rates  will  be  presented. 


HETEROGENEOUS  REACTIONS  OF  HALOGEN  CONTAINING 
TRACE  GASES  ON  NAC1  AND  KBr  SALT 

s.  Seisel.  F.  Caloz,  F.F.  Fenter,  A.  Aguzzi,  M.  Mochida  and  M.J.  Rossi 
(EPFL,  LPAS,  CH-1015  Lausanne,  Switzerland) 
sabine.seisel@dgr.epfl.ch 

Heterogeneous  reactions  of  bromine  containing  atmospheric  trace 
gases  on  sea-salt  aerosols  are  assumed  to  be  responsible  for  the  sunrise 
chemistry  leading  to  significant  tropospheric  ozone  depletion  in  the 
Arctic.  We  studied  the  heterogeneous  reactions  of  XNO2,  XONO2  and 
HOX  (X  =  Cl,  Br)  on  NaCl  and  KBr  salt  using  a  Knudsen  reactor 
equipped  with  mass  spectrometry  and  laser  induced  fluorescence 
detection. 

Uptake  coefficients  involving  Br-containing  compounds  are  found  to 
be  higher  than  the  corresponding  Cl-containing  reactions.  As  products 
we  observed  Br2,  BrCl  and  O2  depending  on  the  gas  and  solid  phase. 
We  will  present  the  kinetics  and  mechanism  of  these  reactions.  By 
using  salt  samples  of  well-defined  total  external  surface  and  applying 
a  pore  diffusion  model  to  the  obtained  uptake  rates  we  consider 
diffusion  of  the  gas  into  the  bulk  of  the  salt  sample  and  thus  determine 
true  uptake  coefficients  Yo-  Furthermore  we  will  discuss  the  role  of 
water  absorbed  on  the  salt  surfaces.  In  order  to  expand  our  data  to 
more  realistic  surfaces  we  also  present  some  results  using  synthetic 
sea-salt  samples. 


STUDY  OF  IODINE  OXIDES  AND  IODINE  OZONE  CHEMISTRY  USING 
FLASH  PHOTOLYSIS  AND  TIME  RESOLVED  ABSORPTION 
SPECTROSCOPY 

Peter  Spietz  1,  Stefan  Himmelmann  1.  Uldis  Gross  2,  Johannes  Orphal  l.John  P. 
Burrows  1 

1:  Institute  of  Environmental  Physics,  University  of  Bremen.  PO  Box  330440.  28334 
Bremen.  Germany,  e-mail:  spietz@gome5.physik.uni-bremen.de.  fax: 
+49-421-218-4555  ' 

2:  Institute  of  Atomic  Physics  and  Spectroscopy,  University  of  Latvia.  Raina  B!vd.  19, 
Riga,  LV-1586,  Latvia,  e-mail:  fkgross@inka.cs.llu.lv,  fax:  371-7820113 

Based  upon  observations  of  IO  and  OIO  absorption  spectra  reported  earlier 
(Himmelmann  et  al.  1996)  the  gas  phase  reactions  of  the  1-03  system  following  the 
photol  yzation  of  12  in  the  presence  of  03,  02  and  N2  were  investigated.  The 
experiment  comprised  of  a  flash  photolysis  set-up  and  two  time  resolved  absorption 
spectroscopy  systems  using  a  photomultiplier  tube  PMT  and  a  photodiode  array  PDA. 
The  measurements  were  performed  at  room  temperature  293,7  K  and  at  pressures 
ranging  from  approximately  10  to  50  mbar.  In  addition  to  the  absorption  spectra  of 
03;i2:iO  and  OIO  four  new  absorbers  could  be  observed,  one  of  those  having  been 
reported  earlier  by  Sander  (Sander  1986).  For  two  of  theses  absorbers  it  was  possible 
to  record  qualitative  absorption  spectra  yet  without  absolute  scaling  of  the  absorption 
cross  section  axis=2E  Using  the  monitored  temporal  behaviour  of  the  main 
components  03. 12, 10  and  OIO,  estimates  for  the  cross  sections  sIO  and  sOIO  and  for 
the  rate  constants  of  the  first  reactions  following  the  production  of  10  were 
determined.  This  work  was  partially  funded  by  the  German  Space  Agency  DARA 
(contract  50EP9207).  the  Commission  of  the  European  Community  (contract 
EV5V-CT93-0338).  and  the  University  and  the  State  of  Bremen. 
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EMISSION  OF  REACTIVE  ORGANOCHLORINES  AND 
ORGANOBROMINES  FROM  COASTAL  MACROPHYTES 

W.T.  Sturges,  J.M.  Baker,  J.  Sugier,  G.  Sunnenberg,  L.  Carpenter,  A.  Lovett, 
S.A.  Penkett 

School  of  Environmental  Sciences,  University  of  East  Anglia 
w.sturges@uea.ac.uk/Fax:  +44- 1 603-452420 

A  number  of  macrophytes  from  the  Norfolk  coast  were  incubated  in  the 
laboratory  and  emissions  of  volatile  organohalogens  determined.  A  large 
number  of  chlorinated,  brominated  and  iodinated  organics  were  detected. 
Attention  here  is  focused  on  the  chlorinated  compounds  and  their  potential 
contribution  to  atmospheric  levels.  A  GIS  analysis  was  used  to  determine 
gridded  global  coastal  zone  areas.  Combining  emission  rates  (including 
previously  published  data),  with  coastal  area,  average  biomass  loadings,  and 
latitudinally-weighting  primary  productivity,  yields  annual  emission  rates  by 
latitude.  Globally  integrated  emissions  amounted  to  4  tonnes  Cl  per  year 
from  CHClj,  0.5  tonnes  Cl  per  year  CHjCl,  and  just  0.01  tonnes  per  year 
CFLCk  For  CHCl3  and  CHjCl  these  concentrations  are  comparable  with 
industrial  emissions,  but  fall  far  short  of  total  global  emissions.  Local  levels 
in  coastal  regions  may,  however,  be  significant.  The  impact  of 
organobromine  emissions  are  also  assessed. 


CHEMISTRY  OF  HALOGEN  OXIDES  IN  THE  TROPOSPHERE: 
COMPARISON  OF  MODEL  CALCULATIONS  WITH  RECENT 
FIELD  DATA 

J.  Stutz,  K.  Hebestreit,  B.  Alicke  and  U.  Platt 

Institute  fur  Unnveltphysik,  Im  Xeuenheimer  Feld  366.D-69120  Heidelberg, 
stufluphysl. uphys.uni-heidelberg.de/Fax:  [49]  6221  54  6405 

The  discovery  of  sudden  boundary  layer  ozone  depletion  events  in  the  arctic 
spring  and  the  simultaneously  elevated  bromine  concentrations  raised  the  inter¬ 
est  in  the  sources  and  the  chemistry  of  halogens  in  the  troposphere.  While  the 
identification  of  BrO  by  differential  optical  absorption  spectroscopy  (DOAS) 
confirmed  the  catalytic  processes  responsible  for  the  destruction  of  ozone  by 
BrO  and  possibly  also  CIO  and  IO,  the  circumstances  leading  to  the  forma¬ 
tion  of  the  halogen  oxides  in  these  environments  remain  unclear.  Recent  DOAS 
measurements  have  found  elevated  BrO  and  IO  levels  at  the  Dead  Sea.  Israel 
and  at  Mace  Head,  Ireland  respectively,  showing  that  tropospheric  halogen  lib¬ 
eration  also  occurs  at  mid  latitudes. 

Model  calculations  describing  the  tropospheric  halogen  chemistry  in  the  arctic 
and  at  mid  latitudes  are  presented.  The  calculations  aim  to  improve  the  under¬ 
standing  of  the  multiphase  chemical  processes  leading  to  the  formation  of  BrO 
and  IO  in  the  different  environments.  The  influence  of  the  measured  halogen 
oxide  concentrations  on  ozone  is  also  discussed. 


THE  CHEMISTRY  OF  IODINE  IN  THE  MARINE  BOUNDARY 
LAYER 

Rainer  Vogt.  (1).  Rolf  Sander  and  Paul  J.  Crutzen  (2) 

(1)  Ford  Forschungszentrum  Aachen.  Dennewartstr.  25,  52068 
Aachen.  Germany:  email:  rvogt^.tord.com/  Fax:  +49  241  9421  301. 

(2)  Max-P lanck-Insutute  for  Chemistry.  Air  Chemistry  Devision, 
P.O.Box  3060.  D-55020  Mainz,  Germany:  Fax:  +49  6131  305  436 

Measurement  of  organic  iodine  compounds  indicate  that  species,  such 
as  CFM:  and  C5Ht1.  might  have  a  much  larger  source  strength  than 
CHjI.  the  only  organic  iodine  compound  which  is  commonly 
accounted  for  in  the  global  iodine  budget.  Organic  iodine  compounds 
are  formed  in  biogenic  processes  of  certain  macroalgae  and 
phytoplankton.  Because  of  the  supersaturation  of  the  surface  water 
these  compounds  evaporate  and  can  be  detected  in  the  marine  air. 

We  have  incorporated  such  compounds,  together  with  the  latest 
photolysis  rate  data,  into  our  photochemical  box  model.  Partitioning  of 
iodine  between  the  gaseous  and  paniculate  phase  is  calculated  and  the 
impact  on  the  ozone  budget  in  the  remote  marine  boundary  layer  is 
investigated. 


GOME  OBSERVATION  OF  ENHANCED  TROPOSPHERIC  BRO 
CONCENTRATION  IN  THE  POLAR  SPRING 

T.  Wagner,  K.  Pfeilsticker  and  U.  Platt 

Institut  fur  Umweltphysik,  University  of  Heidelberg,  INF  366:  69 120  Heidel¬ 
berg,  Germany. 

watfflupftyal .uphys  .uni-heidelberg.de/Fax:  [+49]  6221-54-6405 
Since  about  a  decade  now  the  phenomenon  of  complete  ozone  depletion  in 
the  Arctic  boundary  layer  is  known,  it  was  recently  also  found  in  Antarctica. 
While  during  the  last  years  it  was  shown  that  these  03  loss  events  are  caused 
by  BrO-catalysed  03  destruction  the  origin  of  the  high  BrO  concentrations 
remained  unclear.  Here  we  present  the  first  satellite  measurements  of  enhanced 
tropospheric  BrO  columns  in  the  Arctic  and  Antarctic  spring.  The  observed 
tropospheric  BrO  vertical  column  densities  are  up  to  5  ■  1013  molec/cm2  on 
top  of  a  stratospheric  column  of  about  2.5  ■  1013  molec/cm2.  Thus  the  derived 
tropospheric  mixing  ratios  of  about  35  ppt  (if  a  layer  thickness  of  1  km  is 
assumed)  are  in  good  agreement  with  ground  based  observations.  From  satellite 
observations  it  is  possibte  to  study  directly  the  spatial  and  temporal  evolution  of 
airrnasses  with  enhanced  tropospheric  BrO  concentrations.  We  present  several 
case  studies  of  enhanced  tropospheric  BrO.  For  all  of  these  observations  the 
BrO  concentrations  stay  elevated  for  about  1  -  3  days  thus  supporting  the 
theory  involving  autocatalytic  Br  release,  probably  from  sea  salt  deposits  on 
the  sea  ice. 


DOAS  UV/VISIBLE  MEASUREMENTS  AT  NY-ALESUND  1995- 
1997:  RETRIEVAL  OF  TROPOSPHERIC  CONSTITUENTS 

F.  Wittrock,  A.  Richter  and  J.P.  Burrows 

Institute  of  Environmental  Physics,  University  of  Bremen,  Kufsteiner  StraCe. 
D-28359  Bremen.  Germany. 

folkardCiup.physik.uni-bremen.de/Fax:  [49]  421  218  4555 

Measurements  and  modeling  studies  strongly  suggest  that  depletion  of  ozone 
in  the  Arctic  boundary  layer  is  due  to  catalytic  destruction  by  halogenous 
cycles.  In  this  study  three  years  of  observations  of  BrO.  OCIO,  and  IO  by 
means  of  zenith  sky  differential  optical  absorption  spectroscopy  are  presented. 
These  measurements  are  complemented  by  comparison  with  observations  by 
the  satellite  instrument  GOME  onboard  ER.S-2. 

High  tropospheric  amounts  of  BrO  could  be  observed  from  the  middle  of  March 
to  the  beginning  of  June  every  year.  They  are  always  correlated  with  low 
amounts  of  boundary-layer  ozone.  From  the  data  BrO  concentrations  of  up 
to  40  ppt  in  the  lower  troposphere  are  derived.  Further,  in  a  few  cases  signifi¬ 
cant  levels  of  OCIO  and  possibly  IO  could  be  observed.  Upper  limits  of  15  ppt 
(OCIO)  and  10  ppt  (IO)  in  the  boundary-layer  could  be  estimated.  This  is  the 
first  hint,  that  10  is  present  in  the  atmosphere  in  considerable  amounts. 


OBSERVATIONS  AND  MODELLING  STUDIES  OF  REACTIVE 
IODINE  SPECIES  IN  THE  MARINE  BOUNDARY  LAYER 

G.McFiggans(l).  B.AlIan(l).  H.Coc(2),  J.M.C.PIanc(l),  L.Carpcntcr(l). 
C.D.O’Dowd(3)  and  W.O.Sturges(l) 

(1) Schoot  of  Environmental  Sciences.  University  of  East  Anglia.  Norwich 

(2) now  at  Atmospheric  Research  Group.  Physics  Dept.,  UMIST,  Manchester 

(3) CMAS,  School  of  the  Environment.  University  of  Sunderland, 
g.mcfiggans^  uea.ac.uk 

Following  field  studies  of  the  Iodine  Oxide  Radical  (IO)  during  three  measurement 
campaigns  in  the  Northern  Hemisphere,  extensive  modelling  studies  were  made  to 
investigate  the  sources,  sinks  and  potential  impact  of  reactive  iodine  in  the  marine 
boundary  layer.  It  has  been  hypothesised  that  IO  may  be  involved  in  autocatalytic 
cycles  which  have  a  significant  effect  on  the  depletion  of  tropospheric  ozone  and 
are  responsible  for  modulation  of  the  NOVNO  and  HOVOH  ratios.  Following 
measurements  of  the  organic  iodine  precursors  and  of  aerosol  size  distributions,  it 
has  been  possible  to  model  the  sources  and  sinks  of  inorganic  iodine  and  hence  to 
infer  the  heterogeneous  chemical  behaviour  of  inorganic  iodine  species  required  to 
produce  the  observed  levels  of  IO.  The  importance  of  reactive  iodine  species  in  the 
destruction  of  tropospheric  ozone  has  also  been  assessed.  DOAS  measurements  of 
IO  during  the  three  measurement  campaigns  will  be  presented  along  with  the 
modelling  results. 
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BROMINE  RADICALS  AND 

PHOTOLYSABLE  HALOGEN  COMPOUNDS  DURING  POLAR 
SUNRISE  AT  ALERT,  CANADA 

C.M.  Mihele  (1),  G.Impey  (1),  L.  Barrie  {1,2),  K  Anlauf  (2),  P.  B.  Sliep- 
son  (1,3)  and  D.  R.  Hastie  (1) 

(i)  Centre  for  Atmospheric  Chemistry.  York  University,  Toronto.  On- 
tario,Canada.  (2)  Atmospheric  Environment  Service,  Toronto,  Ontario. 
Canada,  (3)  Departments  of  Chemistry  and  Earth  and  Atmospheric  Science, 
Purdue  University,  West  Lafayette  Indiana,  USA. 

HastieCYorkU.CA/Fax:  [416]  736  5411 

Two  instruments  were  used  to  measure  halogen  species  at  Alert  NWT  Canada, 
during  the  spring  of  1997.  A  modified  radical  amplifier  measured  the  bromine 
radical  (Br,  BrO)  concentrations  and  an  updated  photolysable  halogen  detector 
(PHD)  measured  the  compounds  capable  of  producing  halogen  radicals.  This 
detector  can  now  distinguish  between  species  on  the  basis  of  their  photolytic 
lifetime,  in  this  case  it  was  configured  for  HOX  and  X2.  Two  ozone  depletion 
events  were  studied.  Higher  bromine  radical  and  photolvsable  halogen  concen¬ 
trations  were  observed  as  the  atmosphere  returned  from  an  ozone  depletion 
event  to  normal  conditions.  The  dominant  photolvsable  species  was  identified 
as  HOX.  particularly  for  X=Br. 


OA19  Free-radicals  in  the  troposphere  (joint  with 
ST) 

Convener:  Dorn,  H.-P. 

Co-Convener:  Volz-Thomas,  A. 


SIMULTANOUS  DOAS-MEASUREMENTS  OF  HONO  AND  ITS 
PRECURSORS  IN  A  TRAFFIC  TUNNEL 

R.  Ackermann  (1),  A.  Geyer  (I),  J.  Stutz  (1),  J.  Loerzer  (2),  R.  Kurten- 
bach  (2),  K.-H.  Becker  (2)  and  U.  Platt  (1) 

(1)  Institut  fur  Umweltphysik,  University  of  Heidelberg.  INF  366,  69120 
Heidelberg,  Germany,  (2)  Physikalische  Chemie,  Bergische  Universitat 
Gesamthochschule  Wuppertal,  GauBstraBe  20,  42  097  Wuppertal,  Germany. 
acQuphysl.uphys.uni~heidelberg.de/Fax:  [+49]  6221-54-6405 
Nitrous  add  (HONO)  plays  an  important  role  in  photochemical  air  pollution 
through  its  photodissociation  by  solar  UV  radiation  into  hydroxyl  radicals  (OH 
+  NO),  thus  promoting  atmospherical  photochemistry.  Therefore  the  produc¬ 
tion  of  O3  and  other  secondary  pollutants  should  be  enhanced  by  the  formation 
of  HONO.  In  the  early  morning  photolysis  of  HONO  leads  to  OH  production 
rates  up  to  some  107  OH  radicals  cm-3  s"1.  Simultanous  measurements  of 
HONO  and  N02  using  a  multi  reflection  DOAS  system  and  NO  by  in-situ  ana- 
lvzer  were  performed  in  a  heavily  used  traffic  tunnel.  Additionally  the  ambient 
concentrations  of  HONO,  NOj  and  NO  were  measured  outside  the  tunnel.  The 
HONO  concentration  in  relation  to  the  traffic  density  can  be  used  to  estimate 
the  amount  of  primary  HONO  emission.  Furthermore  the  heterogenous  forma¬ 
tion  of  HONO  from  NO*  on  the  walls  of  the  tunnel  can  be  investigated  at 
times  of  low  traffic  densities.  The  emission  of  HONO  from  the  tunnel  into  the 
urban  atmosphere  is  estimated  and  discussed  in  the  light  of  its  potential  as  a 
photochemical  OH  source. 


STUDIES  OF  THE  NITRATE  RADICAL  IN  THE  TROPOSPHERE 

B.  J.  Allan  (\).  H.  Coe(2),  G.  McFiggans  (l),  J.M.C.  Plane  (1) 

(l)  School  of  Environmental  Sciences,  University  of  East  Anglia,  Norwich, 
U.K.,  (2)  Department  of  Physics,  UMIST,  Manchester,  U.K. 
b.allan@uea.ac.uk 

The  technique  of  differentia!  optical  absorption  spectroscopy  (DOAS)  has 
been  used  to  study  the  nitrate  radical  (N05)  in  several  major' field,  campaigns 
in  the  marine  boundary  layer  (MBL).  Concentrations  as  high  as  10  ppt  have 
been  observed  in  dean  marine  air.  An  extensive  set  of  ancillary 
measurements  acquired  during  these  campaigns  allows  nearly  complete 
closure  to  be  obtained  on  the  loss  processes  of  NO3  in  the  MBL.  A  second, 
zenith  pointing  DOAS  instrument  has  also  been  deployed  at  the  same  sites  in 
order  to  retrieve  the  column  abundance  of  NO3  throughout  the  troposphere 
during  sunrise.  By  combining  data  from  both  instruments  the  column 
abundance  of  NO3  in  the  free  troposphere  has  been  estimated  and  found  to  be 
very  variable,  ranging  from  2  x  1013  to  5  x  10 w  molecule  cm*2.  Under 
favourable  circumstances,  the  vertical  profile  of  NO3  up  to  the  lower 
stratosphere  can  also  be  retrieved  by  this  technique. 


ROLE  OF  PEROXY  RADICALS  IN  THE  FORMATION  OF  TRO¬ 
POSPHERIC  OZONE  IN  BREMEN 

M.D.  Andres  Herndndez,  J.Burkert,  M. Gerhard,  L. Reichert,  D.  Stobener 
and  J.P. Burrows 

Institut  fur  Umweltphysik,  Universitat  Bremen,  Postfach  330440,  D-28334  Bre¬ 
men,  -Germany-. 

lolaQgome5.physik.uni-bremen.de/Fax:  [49]  421  218  4555 

The  role  of  peroxy  radicals  (HO2  +  £  (R02))  in  the  photochemical  cycles  of 
the  troposphere  is  recognized  to  be  of  major  significance  for  the  composition  of 
the  troposphere,  the  latter  impacting  on  local  pollution  events  and  potential}- 
on  the  climate.  HO>  and  RO>  have  singled  out  as  being  of  special  importance 
in  the  formation  of  tropospheric  03  .  The  chemical  amplification  (CA)  is  the 
technique  which  has  been  used  to  measure  total  peroxy  radicals  (ROx  -  OH+ 
H02  +  RO+  RO>  ).The  CA  is  based  on  the  conversion  of  peroxy  radicals 
into  NO>  by  addition  of  NO  and  CO,  and  NO>  ulterior  measurement  via  its 
chemiluminiscent  reaction  with  luminol.  The  detection  limit  is  estimated  to  be 
3-5  ppt  RO*  depending  of  atmospheric  conditions.  During  episodes  of  elevated 
boundary  layer  03  concentrations,  observed  in  Bremen  between  1995  and  1997. 
measurements  of  RO*.  coupled  with  NO,  N02,  CO,  03(  L\-A,  U\-B,  meteo¬ 
rological  parameters  and  recently  PAN  (peroxyacetyl  nitrate)  were  performed. 
These  data  have  been  analysed  using  empirical  approaches  and  a  simple  at¬ 
mospheric  model.  The  results  and  their  significance  for  our  understanding  of 
tropospheric  chemistry  in  the  boundary  layer  will  be  discussed  . 
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TESTS  AND  EVALUATION  OF  AN  ION  ASSISTED  MASS  SPECTRO- 
METRIC  TECHNIQUE  FOR  LONG-TERM  MONITORING  OF  ATMO¬ 
SPHERIC  OH-RADICALS 

H.  Berresheim  (1).  T.  Elste(l),  R.  Weiner  (I).  C.  Plass-Diilmer  (I),  F.L.  Eisele  (2.3). 
and  D.J.  Tanner  (2) 

(1)  German  Meteorological  Service.  Meteorological  Observatory  Hohenpeissenberg. 
Germany.  (2)  National  Center  for  Atmospheric  Research.  Boulder,  USA,  (3)  EOEML, 
Georgia  Institute  of  Technology.  Atlanta,  USA 
e-mail:  harald3mohp.dwd.d400.de/Fax:  +49-8 805-920046 

Atmospheric  OH-radicals  are  measured  with  an  improved  ion  assisted  mass  spectro- 
metric  technique  based  on  OH  titration  with  SO:  and  conversion  to  HSO/  ions  at 
atmospheric  pressure.  The  present  system  was  developed  for  both  mobile  and 
stationary  measurements  of  OH  as  well  as  gaseous  sulfuric  and  methane  sulfonic  acids 
with  detection  limits  in  the  low  105  cm‘J  range.  In  future  applications  the  system  will  be 
mainly  used  for  long-term  monitoring  of  OH  and  sulfuric  acid  at  the 
Hohenpeissenberg  observatory  in  conjunction  with  a  large  set  of  atmospheric  trace  gas. 
aerosol,  and  meteorological  measurements.  Details  of  the  system  are  presented,  results 
obtained  from  calibration  checks  based  on  photolysis  of  ambient  H:0  are  discussed, 
and  various  tests  for  possible  interterents  (e.g..  reactant  impurities),  ambient  air 
pollution  (N'OJ.  and  wind  turbulence  effects  are  evaluated  for  possible  error 
contributions.  First  measurements  in  ambient  air  indicate  a  good  correlation  between 
daytime  OH  signals  and  global  radiation  flux.  Further  tests,  parallel  ozone  photolysis 
measurements,  and  a  field  intercomparison  with  the  Juelich  DOAS  and  UF  techniques 
are  planned  for  the  near  future. 


MODELLING  RADICAL  CHEMISTRY  IN  THE  MARINE  BOUNDARY  LAYER 

N.  Carslaw.  P.J.  Jacobs,  and  M.J.  Pilling 

School  of  Chemistry,  University  of  Leeds,  Leeds,  LS2  9JT,  UK 

nicotas@chem.leeds.ac.uk.  Fax  +44-113-233-6565 

The  hydroxyl  (OH)  radical  has  long  been  recognised  as  the  most  important 
oxidising  species  in  the  earth's  troposphere,  and  is  largely  responsible  for  the 
removal  of  many  man-made  and  natural  trace  gases.  In  recent  years,  there  have 
been  several  field  studies  where  the  concentration  of  OH  has  been  determined  in 
the  atmosphere,  and  modelling  studies  have  complemented  these  measurements.  In 
general,  the  models  have  tended  to  over  estimate  the  OH  concentration.  In  this 
paper  we  discuss  two  campaigns  that  have  been  recently  held  at  Mace  Head  on  the 
west  coast  of  Ireland,  as  pan  of  the  ACSOE  EASE96  and  EASE97  campaigns.  The 
Mace  Head  site  is  typically  subject  to  very  clean  air  when  the  flow  is  from  the  west. 
However,  dirty  air  masses  are  also  experienced  that  have  often  passed  over 
mainland  Europe  or  the  UK  before  reaching  Mace  Head.  These  varying  conditions 
give  us  an  excellent  chance  to  thoroughly  test  models  of  atmospheric  chemistry. 
During  these  campaigns,  the  concentration  of  OH  and  HO,  were  determined  by 
Fluorescence  Assay  by  Gas  Expansion  (FAGE)  and  the  concentration  of  the  sum  of 
peroxy  radicals  by  chemical  amplification.  A  box  model  has  been  constructed  to 
predict  the  concentrations  of  these  radicals,  and  these  predictions  are  compared  to 
those  measured  in  the  atmosphere.  We  also  present  a  detailed  analysis  of  the  most 
important  reactions  in  the  remote  marine  boundary  layer. 


INFERRING  OH  CONCENTRATIONS  FROM  DIURNAL 
VARIATIONS  OF  NON-METHANE  HYDROCARBONS 

P.  Calanca  (1),  S.  Reimann  (2)  and  P.  Hofer  (2) 

(1)  Swiss  Federal  Institute  of  Technology  (ETH),  Winterthurerstr.  190, 
CH-8057  Zurich;  (2)  Swiss  Federal  Laboratories  for  Materials  Testing  and 
Research  (EMPA),  Ueberlandstr.  129,  CH-8600  Duebendorf 
stefan. reimann  @  empa.ch/Fax:  +41-1 821  -6244 

Daily  mean  hydroxyl  radical  (OH)  concentrations  at  a  rural  site  in 
Switzerland  are  inferred  from  diurnal  variations  of  ratios  .of  non-methane 
hydrocarbons  (NMHCs).  Suitable  combinations  of  NMHCs  are  selected  by 
examining  the  sensitivity  of  the  derived  OH  concentrations  on  the  difference 
between  the  respective  NMHC  reactivities  toward  OH.  Calculated  OH- 
concentrations  average  in  summer  to  3  x  10s  molec  cm'3.  This  figure  is 
consistent  with  model  results  and  direct  measurements  in  moderately 
polluted  air  in  Europe. 

Derived  concentrations  show  a  significant  correlation  with  the  daily 
maximum  global  radiation  and  the  daily  maximum  ozone  concentration. 
Both  quantities  are  known  to  play  an  important  role  in  the  formation  of  the 
OH-radical.  Calculated  regression  curves  of  OH  against  these  parameters 
for  the  summer  of  1996  are  tested  against  those  computed  for  the  summer 
of  1997.  Changes  in  the  regression  coefficients  are  discussed  with  respect 
to  variations  in  meteorological  conditions  and  precursor  levels. 


PEROXY  RADICAL  INITIATIVE  FOR  MEASUREMENTS  IN  THE 
ENVIRONMENT  (PRIME):  A  NEW  EL  PROJECT 

K.C.  Clemitshaw  ( 1).  J.  Sugier  (l).  M.E.  Jenkin  (2),  D.E.  Heard  (3).  M.J.  Pilling 
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PRIME  aims  to  develop  improved  instrumentation  for  measurements  of  HO;  and 
R02  radicals  in  the  troposphere  using  the  Chemical  Amplification  (CA)  and 
Fluorescence  Assay  by  Gas  Expansion  (FAGE)  techniques.  The  improvements  will 
address  the  specificity,  sensitivity,  accuracy  and  precision  of  the  measurements. 
Novel  CA  and  FAGE  inlet  systems  will  be  constructed.  Better  characterised  and 
new'  calibration  sources  for  OH.  HO;.  CH.O>  and  CH-.C(0)0:  radicals  will  be 
developed.  Numerical  models  incorporating  gas-phase  and  heterogeneous  chemical 
reactions  and  physical  fluid  dynamical  processes  will  be  applied  to  aid  the  design 
and  characterisation  of  the  inlet  systems  and  calibration  sources.  The  improved 
instrumentation  will  be  evaluated  in  a  field  measurement  study  in  the  summer  of 
1999  at  the  Silwood  Park  Atmospheric  Research  Station,  near  London.  The  field 
study  is  designed  to  compare  ambient  measurements  of  peroxy  radicals  using  CA 
and  FAGE  under  challenging  sub-urban  conditions.  A  deeper  understanding  of  the 
sources  and  sinks  of  peroxy  radicals  will  also  be  gained  through  the  application  and 
validation  of  the  MCM  PTM  model  of  tropospheric  photochemistry  and  transport. 


CHEMICAL  PROCESSES  AFFECTING  THE  GLOBAL  DISTRI¬ 
BUTION  OF  OH  IN  A  TROPOSPHERIC  LAGRANGIAN  CHEM¬ 
ISTRY  MODEL. 

W.J.  Collins,  D.S.  Stevenson,  C.E.  Johnson  and  R.G.  Derwent 
Meteorological  Office,  Bracknell.  Berkshire,  England,  RG12  2SZ. 
vjcollinsGmeto .gov.uk/Fax:  [44]  1344  854493 

A  three-dimensional  Lagrangian  tropospheric  chemistry  model  was  used  to  sim¬ 
ulate  the  global  distribution  of  the  OH  radical.  This  model  also  provided  a 
budget  of  all  the  OH  production  and  destruction  terms.  To  verify  the  free  rad¬ 
ical  distribution  the  model  simulated  the  lifetime  of  methylchloroform  and  the 
distribution  of  14-CO  which  were  then  compared  against  measurements.  As  a 
sensitivity  test  the  reaction  coefficients  for  each  of  the  major  processes  affecting 
OH  were  varied  in  turn  by  their  published  tolerances.  This  test  showed  that  the 
uncertainties  in  the  basic  chemical  kinetic  data  leads  to  significant  uncertainties 
in  the  global  OH  distribution 

Our  chemistry  scheme  contains  70  species  including  the  non-methane  hy¬ 
drocarbons:  ethane,  ethene,  propane,  propone,  butane,  toluene,  o-xylene 
and  isoprene.  The  oxidation  of  these  produces  peroxy  radicals  which  can 
lead  to  ozone  formation  through  NO  to  N02  conversion.  We  have  investi¬ 
gated  the  importance  of  the  loss  route  for  these  radicals  via  the  reaction: 
peroxy +-H02=hydroperoxide-+02  where  the  hydroperoxides  can  be  removed 
through  dry  or  wet  deposition.  We  show  that  the  neglect  of  hydroperoxide 
formation  leads  to  the  significant  overestimation  of  free  radical  concentrations. 


MEASUREMENT  OF  HOx  IN  THE  MARINE  BOUNDARY  LAVER 

D.J.  Creasey  (1),  P.  A.  Halford-Maw  (1).  D.  E.  Heard  (1),  J.  D.  Lee(l), 

M.J.  Pilling  (l).  B.J.  Whitaker  (1) 
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An  instrument  to  detect  atmospheric  concentrations  of  the  hydroxyl  (OH)  and 
hydroperoxyl  (H02)  radicals  has  been  developed  using  the  FACE  (fluorescence 
assay  by  gas  expansion)  technique.  The  instrument  monitors  the  OH  radical  via  on- 
resonance  laser-induced  fluoresence  (LIF)  spectroscopy  of  the  A2!  (v*  =  0)  -  X2H 
(v”  **  0)  transition  at  308nm.  Ambient  air  is  expanded  through  a  l mm  nozzle  to 
low  pressure  where  it  is  irradiated  by  the  laser  pulse  at  a  repetition  rate  of  7kHz, 
with  the  resultant  flourescence  being  detected  by  gated  photon  counting.  HO-,  is 
monitored  by  chemical  conversion  to  OH  by  the  addition  of  NO,  with  subsequent 
detection  using  LIF.  Detection  limits  of  5  x  105  and  2.5  x  106  molecule  cm° 
(signal  to  noise  ratio  of  1,  integration  time  of  ISOs)  for  OH  and  HO-,  respectively, 
were  determined  by  laboratory  and  field  calibrations.  The  instrument  was  deployed 
in  the  marine  boudary  layer  at  Mace  Head,  Eire,  during  April  and  May  of  1997  as 
part  of  the  ACSOE  field  campaign.  Selected  results  will  be  presented  at  this 
conference. 
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MEASUREMENTS  OF  NITRATE  RADICALS  AND  ESTIMATION  OF 
PARTICLE  SURFACE  AREA  AT  CAPE  ARKONA  (RUGEN  ISLAND) 

R.  Dubois  (1).  H.  Flentje  (1.2) 
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Long-path  Differential  Optical  Absorption  Spectrometer  (DOAS)  measurements  of 
nitrate  radicals  were  carried  out  in  the  marine  boundary  layer  at  the  rural  site  Ark- 
ona.  Observations  between  April  1993  and  September  1995  cover  a  period  of  nearly 
30  months.  The  mean  NO}  concentration  refers  to  the  night  time  averages  for  sum¬ 
mer  and  autumn  fluctuate  between  7  and  10  ppt.  Particulate  extinction  measure¬ 
ments  in  the  wavelength  region  from  320  nm  to  680  nm  have  been  performed  by 
means  of  a  DOAS  system.  This  allows  a  rough  estimate  of  the  particle  number  con¬ 
centrations  from  about  100  cnv  to  several  1000  cm*3,  and  of  the  mean  surface  area 
concentration  from  about  350  pnr/cm*3  during  summer  1995.  The  calculated  NO? 
and  N'A  lifetime  versus  the  particle  surface  area  concentration  derived  from  DOAS 
measurements  for  summer  1995.  confirm  that  the  maximum  lifetimes  increase  with 
smaller  aerosol  surface  concentrations.  On  the  one  side,  the  upper  limits  for  the  NO; 
and  N,03  lifetimes  give  evidence  for  the  limiting  case  of  radical  loss  exclusively  by 
reactions  on  the  aerosol  surface.  On  the  other  hand,  it  is  clear  that  at  most  times 
other  loss  processes  are  dominant  yielding  considerably  smaller  lifetimes.  This  can 
be  due  to  homogeneous  gas  phase  reactions.  An  investigation  of  NO;  night  time 
variations  and  an  assignment  of  the  lifetime  determining  processes  from  additional 
meteorological  and  chemical  information  will  be  presented. 


VOLATILE  ORGANIC  COMPOUNDS  AND  PEROXY  RADICALS 
CONCENTATIONS  FOR  URBAN  AND  RURAL  REGIONS  OF  RUSSIA 

N. F.Elansky  (l),  A.A.  Volokh  (1),  T.S.  Vlasenko  (2),  G.I.  Kuznetsov  (2), 

O. A.  Terekhova  f2) 

(I  institute  of  Atmosphere  Physics,  (2)Atmosphere  Physics  Department,  Physics 
Faculty,  Moscow  State  University,  e-mail :  oksana@optics.phys.msu:$u 

The  results  of  measurement  of  volatile  organic  compounds  (VOC)  concentrations  in 
different  urban  and  rural  regions  of  the  European  part  of  Russia  and  Siberia  got  at 
the  movina  laboratory  along  the  main  line  «Moscow-Vladivostok»  are  presented  in 
the  report.  The  content  of  alkanes,  alkenes,  aldehydes  and  agents  of  the  other  groups 
of  hydrocarbons  and  their  reactants  (total  45-65  agents)  in  air  samples  picked  in  the 
sorbtion  tubes  was  determined.  VOC  content  and  their  character  interrelation  for 
rural  regions  give  possibility  to  separate  some  areas:  European,  West  Siberia,  South 
Siberia,  and  East  Siberia.  VOC  concentration  in  urban  air  depend  on  local  pollution 
sources.  On  the  base  of  trajectory  analysis  method  the  attempts  to  allocate  the  VOC 
sources  were  made. 

At  the  same  time  in  these  regions  were  made  the  measurements  of  Oj,  NO*  and  UV 
radiation  fluxes.  On  the  base  of  these  data  concentration  of  peroxy  radicals  was 
estimated.  For  the  some  regions  (Moscow  and  others)  the  analysis  of  minor 
constitutes  concentrations  behaviour  in  dependence  on  the  industrial  stress  was 
made.  Comparison  of  VOC  and  peroxy  radicals  distribution  features  shows  the 
relation  between  them  and  characterizes  oxidative  atmosphere  ability  under  different 
conditions.  Using  peroxy  radicals  as  the  trace  compound  of  atmosphere  pollution  is 
discussed. 


MEASUREMENTS  OF  PEROXY  RADICAL  CONCENTRATIONS 
IN  A  PERI-URBAN  ATMOSPHERE  USING  THE  CHEMICAL 
AMPLIFIER  METHOD 

A.  El  Boudali.  F.  Maguin.  G.  Laverdet  and  G.  Le  Bras 
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Peroxy!  radical  concentrations  have  been  measured  at  a  site  located  10 
km  downwind  from  Orleans  during  two  weeks  in  July  1997.  The 
measurements  were  performed  using  the  chemical  amplifier  instrument 
developed  at  CNRS.  The  amplification  was  obtained  from  the 
RO;/NO/CO  system,  and  the  NO;  produced  was  measured  by 
chemiluminescence  of  luminol.  The  daily  variations  of  RO: 
concentrations  were  measured  together  with  those  of  ozone  and  NO* 
(NO.  NO:).  The  NO*  concentrations  ranged  from  a  few  ppbv  to  15  ppbv 
and  o/onc  maxima  of  70  -  80  ppbv  were  observed  almost  ever}  day.  The 
daily  profiles  of  RO:  concentrations  showed  maxima  from  a  few  tens  to 
loo  pptv  during  daytime  with  non-zero  concentrations  sometimes 
observed  during  nighttime.  The  maxima  of  RO;  concentrations  always 
appeared  before  those  of  o/.one.  These  observations  will  be  discussed 
referring  to  the  current  know  ledge  of  the  photochemical  pollution. 


TROPOSPHERIC  OH  BOX-MODELLING  AND  ANALYTICAL 
STUDIES:  COMPARISON  WITH  OBSERVATIONS  FROM  THE 
VVAOSE95 

O  Forhcrich.  P.  Pfeiffer,  and  F.J.  Comes 

Institut  fur  Physikalische  und  Theoretische  Chemie.  60439  Frankfurt 
Fax  +49-(0)69-79829484  /  comes@chemie.uni-frankfurt.de 

Data  of  the  most  tropospheric  relevant  trace  gases,  collected  in  June  1995 
during  the  Weybourne  Atmospheric  Observatory  Summer  Experiment 
( WAOSE'95).  were  used  to  box-model  the  concentration  of  the  free 
radicals  playing  a  prominent  role  in  the  oxidising  capacity  of  the 
atmosphere.  The  observatory  (TOR  Station  No.  7)  can  be  characterised  by  a 
clean  atmospheric  environment  that  occasionally  is  influenced  by 
anthropogenic  emissions  of  the  industrial  region  in  the  central  UK.  The 
box-mode!  was  constrained  to  observations  and  is  based  on  the  gas  phase 
reactions  of  the  regional  acid  deposition  model  (RADM2).  The  calculations 
were  compared  with  iii-situ  measurements  of  the  OH  radical  concentration 
taken  by  the  Multipass  Optical  Absorption  Spectroscopy  (MOAS)  system. 
Its  temporal  and  spatial  resolution  of  l  minute  and  6  m,  respectively, 
together  with  the  extended  input  into  the  model  provides  a  well  suited 
opportunity  for  testing  the  actual  theory  of  atmospheric  chemistry. 
Agreement  of  theory  and  experiment  for  most  part  of  the  campaign  is  given, 
but  deviations  exist. 


LABORATORY  STUDIES  ON  THE  SELECTIVE  MEASUREMENT  OF 
ORGANIC  PEROXY  RADICALS  AND  H02  BY  CHEMICAL  CONVERSION/ 
ION  MOLECULE  REACTION  MASS  SPECTROMETRY 

Markus  Hanke.  Thomas  Reiner  and  Frank  Arnold 

Max-Ptanck-lnstitut  fUr  Kernphysik,  Bereich  Atmospharenphysik,  Heidelberg, 
Germany  ^ 

Hanke@pfuto.mpi-hd.mpg.de 

Results  of  recent  field  and  laboratory  studies  which  were  conducted  with  a 
novel  method  for  groundbased  and  aircraft-based  measurements  of  peroxy 
radicals  will  be  presented.  The  main  characteristics  of  this  method  developed 
at  our  laboratory  are  chemical  conversion  and  amplification  of  peroxy 
radicals  to  sulfuric  acid  and  detection  of  H2S04  by  ion  molecule  reaction 
mass  spectrometry  (IMRMS).  One  part  of  the  studies  aimed  at  the  calibration 
of  the  instrument  and  diagnostic  investigations  on  interference  and  toss 
processes  and  conversion  efficiency.  Further  laboratory  works  focused  on 
the  discrimination  between  organic  peroxy  radicals  and  H02  to  develop  an 
H02-only  measuring  mode  of  operation  and  on  the  conversion  efficiency  of 
organic  peroxy  radicals  to  H02. 


A  QUALITY  CONTROL  /  QUALITY  ASSESSMENT  METHOD  FOR 
ATMOSPHERIC*  NON-METHANE  II YHKOCARIION  (NMIIC) 
MEASUREMENTS 

L.  Has/ora  ( I )  and  K.  Rudies  (2) 
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(2)  Department  of  Meteorology.  Eotvos  Lorand  University 
nelly  a  nimbus. clic.lui/Fax:  *36- 1-2  10-10X6 

Reactive  hydrocarbons  plays  a  crucial  role  in  the  chemistry  of  free  radicals 
in  the  atmosphere.  The  processes  cannot  be  studied  without  reliable, 
representative  hydrocarbon  concentration  data.  Having  an  existing  data  set 
of  atmospheric  NMHC  measurements  the  types  of  compositions  can  be 
defined  b>  cluster  analysis  The  types  arc  site  specific  and  may  depend  on 
ihc  season,  on  the  air  mass  sampled,  its  trajectory  and  chemical  age.  as 
well  as  on  other  factors.  Analysing  all  the  conditions  of  the  measurements 
those  iypc(S)  can  be  selected  which  represent^)  the  background  conditions 
at  i lie  given  sue  Samples  in  the  other  clusters  may  be  non-representative 
for  the  background  conditions  due  to  the  special  atmospheric  conditions, 
sampling  or  analytical  errors.  Any  new  air  sample  can  be  accepted  as 
representative  for  the  background  conditions  if  its  composition  falls  into 
one  of  the  selected  clusters.  The  presentation  discusses  the  NMHC 
measurement*  from  K-pus/ta.  Hungary,  for  the  illustration  of  the  method. 
It  also  presents  the  treatment  of  the  partially  analysed  samples. 
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ON  THE  DEPENDENCE  OF  THE  OH  RADICAL 
CONCENTRATION  ON  ITS  PRECURSORS:  RESULTS  OF 
THE  POPCORN  FIELD  CAMPAIGN 

M.  Hausmann,  F.  Holland,  J.-P.-  Kohlmann,  F.  Rohrer  and  D.  H.  Ehhalt 
Institut  fur  Atmospharische  Chemie  (ICG-3)  Forschungszentrum  Julich, 
Germany. 
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The  extensive  OH  data  set  recorded  during  the  POPCORN  campaign  at  a 
rural  site  in  north-eastern  Germany  in  August  1994  was  investigated  to  reveal 
the  dependence  of  the  concentration  of  OH  radicals  on  its  precursors.  RADM-2 
model  calculations  and  an  empirical  analysis  of  the  measurement  data  show 
that  for  typical  POPCORN  conditions  the  OH  concentration  was  rather  in¬ 
sensitive  towards  variations  in  the  concentrations  of  most  trace  compounds.  In 
particular  variations  in  ozone  and  formaldehyde  concentrations  had  only  little 
influence  on  OH.  The  dependence  of  OH  on  NO*  could  clearly  be  extracted 
from  the  data,  showing  that  OH  concentration  peaks  at  1.5  ppb  NO*  and 
declines  towards  higher  and  lower  NO*  concentration.  Nevertheless,  on  aver¬ 
age  for  this  data  set.  variation  in  the  NOx  concentrations  accounts  for  only  6% 
of  the  total  OH  variability,  while  variation  of  photolyses  frequencies  accounts 
for  71  %.  The  combination  of  empirical  analyses  and  model  calculation  was 
found  to  be  a  skillful  method  to  verify  functional  connections  of  concentrations 
of  atmospheric  chemical  constituents  as  predicted  by  the  model  calculations 


OH  RADICALS  IN  THE  ATMOSPHERE 

A.  Hofzumahaus 

Forschungszentrum  Julich  GmbH,  Atmospharische  Chemie,  Julich,  Germany, 
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OH  is  the  main  oxidizing  agent  in  the  troposphere.  It  reacts  with  most  trace 
gases,  often  as  the  first  and  rate  limiting  step  in  the  oxidation  mechanism. 
Thus  OH  controls  the  atmospheric  lifetime  and  therefore  the  concentration  of 
many  anthropogenic  pollutants  and  natural  trace  gases.  For  about  two  decades 
our  knowledge  about  the  role  of  atmospheric  OH  mainly  came  from  laboratory 
investigations,  modelling  studies,  or  field  experiments  which  yielded  indirect  ev¬ 
idence  of  tropospheric  OH.  Direct  observational  data  on  atmospheric  OH  were 
scarce  due  to  the  technical  difficulty  of  measuring  the  extremely  small  concen¬ 
tration  of  ambient  OH.  In  the  last  few  years  the  situation  has  greatly  changed 
since  a  number  of  different  and  promising  OH  measurement  instruments  have 
become  operative.  The  new  techniques  have  yielded  exciting  observations  of 
OH  in  a  number  of  different  environments  on  the  continent,  in  coastal  areas, 
on  the  free  ocean,  and  the  free  troposphere.  This  presentation  aims  to  give  an 
overview  of  this  rapid  development  which  has  opened  new  possibilities  to  study 
the  photochemistry  of  the  atmosphere. 


INFLUENCE  OF  THE  UNCERTAINTY  OF  GAS  PHASE  RATE 
CONSTANTS  ON  THE  MODELED  TROPOSPERHIC  OH  CON¬ 
CENTRATIONS 

J.-P.  Kohlmann  and  D.  Poppe 

Institut  fur  Atmospharische  Chemie,  Forschungszentrum  Julich,  Germany, 
j .-p.kohlmaimOfz-juelich.de 

The  rate  constants  of  some  important  reactions  used  for  atmospheric  chemical 
models  are  known  only  with  considerable  uncertainties  of  about  10  -  50  %.  For 
example,  the  rate  constant  for  the  reaction  of  OH  with  N02,  which  is  a  very 
important  sink  of  OH  in  the  troposphere,  might  be  overpredicted  by  10  -  30  % 
at  room  temperature.  Also  a  revised  rate  constant  for  the  formation  of  OH  in 
the  reaction  of  H02  with  NO  has  been  reported. 

Numerical  simulations  of  the  OH  concentration  using  experimental  data  of 
the  POPCORN  campaign  are  presented.  The  calculations  with  a  simple  box 
model  are  based  on  the  chemical  mechanism  RADM2  from  the  Regional  Acid 
Deposition  Model.  Some  important  rate  constants  are  varied  and  the  influence 
on  the  calculated  OH  concentration  is  presented. 


PRODUCTION  AND  DESTRUCTION  RATE  OF  OH  AT  AN  ISLAND  AND  A 
SUBURBAN  SITE  IN  GREECE  DURING  THE  1996  PAUR  CAMPAIGN 

K.  Kourtidis.  C.  Zerefos  and  I.  Tsiouri  (Laboratory  of  Atmospheric  Physics.  Campus 
Box  149,  Aristotle  University  of  Thessaloniki,  54006  Thessaloniki.  Greece) 

R.  Schmitt  (MeteorologieConsult  GmbH.  Glasshuetten.  Germany) 

B.  Rappenglueck,  P.  Suppan  and  P.  Fabian  (Lehrstuehi  fuer  Immissionsforschung. 
University  of  Munich,  Germany) 

During  the  1.-15.  June  1996  PAUR  campaign,  concurrent  ground  measurements  of 
03,  J(0[1D]).  humidity,  temperature  and  C4-C12  hydrocarbons  have  been  performed 
at  an  island  and  a  suburban  site  in  Greece.  The  measurements  allowed  for  the 
calculation  of  OH  production  rates.  POH,  as  well  as  relative  destruction  rates  for  the 
OH  reaction  with  the  measured  hydrocarbons.  Due  to  the  relatively  high  ozone  and 
irradiance  values,  dally  peak  production  rates  of  OH  were  around  8X106  molecules 
cm-3  s- 1 .  During  most  of  the  days,  OH  production  rates  were  at  the  island  site  higher 
than  the  ones  at  the  suburban  site,  on  one  case  by  up  to  100%.  On  at  least  two  days, 
though,  the  opposite  was  true,  with  OH  production  rates  being  at  the  suburban  site 
around  25%  higher  than  at  the  island  site.  A  two-days  case  study  is  presented,  where 
the  observed  production  rates  are  discussed  in  relation  with  concurrent  BREWER 
measurements  of  total  ozone  and  L1DAR  measurements  of  aerosol  vertical 
distribution. 


~  AIRBORNE  MEASUREMENTS  OF  THE  ABSOLUTE  SOLAR 
ACTINIC  UV  FLUX  AND  THE  03  -+  0(lD)  PHOTOLYSIS 
FREQUENCY  IN  THE  TROPOSPHERE  BETWEEN  0-12  KM 
ALTITUDE. 

A.  Kraus  and  A.  Hofzumahaus 

Inst.  f.  Atmos.  Chem.  (ICG-3)  Forschungszentrum,  52425  Julich,  Germany. 
al.krausflfz-juelich.de/Fax:  [49]  2461  61  5346 

Spectra  of  the  absolute  solar  UV  actinic  flux  Fa  (A)  were  measured  in  the  tro¬ 
posphere  on-board  the  DLR  Falcon  research  aircraft  over  the  Aegean  Sea  in 
June  1996.  The  measurements  were  performed  with  a  dual  channel  scanning 
spectroradiometer,  equipped  with  two  optica!  input  systems  pointing  to  the 
zenith  and  the  nadir,  respectively.  The  spatial  sensitivity  of  each  individual 
optical  input  system  was  adjusted  to  be  nearly  uniform  over  one  hemisphere 
(2*  sr).  Thus,  the  two  measurement  channels  detected  the  downwelling  and 
upwelling  component  of  the  solar  actinic  flux  Fa(A),  respectively. 

In  this  work,  we  present  measured  vertical  profiles  of  the  actinic  flux  from 
290nm  -  420nm  between  ground  level  and  the  tropopause.  Vertical  profiles 
of  the  integrated  UV-A  and  UV-B  actinic  radiation  and  the  03  -►  0(JD) 
photolysis  frequency  J(OlD)  calculated  from  the  measured  spectra  of  Fa(A) 
are  shown.  The  shape  of  the  vertical  profile  of  JCO1  D)  is  discussed  with  respect 
to  variations  of  the  actinic  flux  with  altitude  and  the  temperature  dependence 
of  the  quantum  yield  <£(OlD)  from  the  03  0(lD)  photolysis. 


THE  EFFECT  OF  HUMIDITY  ON  WALL  LOSS  AND  CHAIN- 
LENGTHS  IN  RADICAL  AMPLIFIERS. 

C.  M.  Mihele  and  D.  R.  Hastie 

Centre  for  Atmospheric  Chemistry,  York  University,  Toronto.  Ontario.  Canada. 
HastieCYorkU.CA/Fax:  [416]  736  5411 

Radical  amplifiers  involve  ambient  radicals  in  a  chain  reaction  with  added  NO 
and  CO.  The  length  of  this  chain,  the  amplification,  is  determined  by  the  rel¬ 
ative  rates  of  the  propagation  and  termination  reactions.  In  most  instruments 
the  major  chain  termination  reaction  is  the  loss  of  peroxy  radicals  to  the  walls 
of  the  reactor.  Since  ambient  measurements  are  made  under  more  humid  condi¬ 
tions  than  calibrations  and  the  ambient  humidity  can  change  markedly  during 
a  day.  laboratory  studies  to  investigate  the  effect  of  humidity  on  both  the  rate 
of  radical  loss  to  the  reactor  walls,  and  its  impact  on  the  chain  length  of  the 
detector  have  been  undertaken.  The  first-order  rate  coefficient  for  radical  loss 
to  the  reactor  walls  is  found  to  increase  with  increasing  humidity.  The  chain 
length  of  a  typical  radical  detector  used  in  field  studies  is  found  to  decrease 
with  increasing  humidity.  A  model  has  been  used  to  reconcile  the  observed 
chain  lengths  with  the  varying  termination  rates.  The  impact  of  these  results 
on  field  measurements  is  discussed. 
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ISOPRENE  AND  RADICALS:  STI Ml  LASTS  FOR  THE  EXPORT  OF  CONTINENTAL 
OZONE  ? 

ps  Monks  ( | ).  N.  Cardan  (2).  M.  Evans  (3).  D.  Shalloufe  (3).  A  C.  Lewis  (2j.  K  Law  (3).  SLA. 

Penkett  (4).  J  P>lc{3>  and  M  J.  Pilling  (2) 

(1)  Dept  of  Chemistry  Unix  of  Leicester.  UK.  g mL  iEltt  ac.uk'Eax  -44-1 16-252-378^.  (2)  Dept  o! 
Cliemiitn.  Univ.  of  Leeds.  UK.  (3)  Dept,  of  Chemistry.  Univ.  of  Cambridge.  UK  and  (4)  .School  of 
Environmental  Sciences.  UK  • 

Biogenic  hydrocarbons  have  long  been  recognised  as  a  potentially  important  source  of 
peroxy  radicals  in  the  atmosphere  owing  to  the  nature  of  their  rapid  reactions  with  the 
primary  atmospheric  oxidants.  Peroxy  radicals  produced  in  oxidative  processes  in  the 
atmosphere  can  be  responsible  for  significant  daytime  in-sini  production  of  ozone  via 
their  catalytic  oxidation  of  NO  to  NO:.  Ozone  production  is  a  non-linear  process  and 
dependant  on  a  number  of  factors  including  the  availability  of  NO*.  VOC  and  HO*. 
There  seems  to  be  two  distinct  views  as  to  the  role  of  the  biogenic  hydrocarbon  isoprene 
in  the  production  of  ozone.  The  first  is  that  if  HO*  production  is  predominately 
controlled  by  ozone  photolysis  then  isoprene  will  have  little  effect.  The  second  is  that 
isoprene  even  at  the  ievei  of  a  few  10's  ofpptv  may  have  a  significant  effect  on  ozone 
production.  Data  from  ACSOE-OX1COA  EASE96  campaign  at  Mace  Head  in  Ireland 
is  used  to  illustrate  that  during  a  period  dominated  by  semi-polluted  air  of  UK  and 
European  origin,  that  the  biogenic  molecule  isoprene  can  play  an  important  role  in  the 
production  of  peroxy  radicals  and  subsequently  ozone.  Using  both  measurements  and 
models  it  has  been  "demonstrated  that  isoprene  can  undertake  both  a  direct  role  in  the 
production  of  HO,  and  an  indirect  role  in  the  control  of  NO*.  The  sum  of  these  effects 
has  wide  implications  for  the  export  of  regional  pollution  from  urban  areas  to  the 
background  atmosphere. 


THE  IMPORTANCE  OF  NITRATE  RADICALS  FOR 

atmospheric  chemistry. 


Ulrich  Platt 

Institut  fur  Umweltphysifc,  University  of  Heidelberg 

pl@upbysT.uphys.uni-heidelberg.de 

Tel:  +49  69221  546  339 
Fax:  +49  69221  546  405 


Nitrate  Radical?  (NO?)  react  with  many  organic  compounds  (VOC)  and 
thus  initiate  their  degradation.  In  addition  they  lead  (via  N2Oj 
formation)  to  the  conversion  of  NOx  to  HNO?,  thus  promoting  the 
removal  of  NOx  from  the  atmosphere.  The  much  smaller  reactivity  of 
NOy  towards  VOC  (by  several  orders  of  magnitude)  compared  to  OH 
radicals  can  be  offset  by  the  much  higher  abundance  of  NO:.  in  many 
areas.  For  instance  NO?  can  be  an  important  sink  of  DMS  in  the  marine 
environment,  while  at  the  same  time  changing  the  NOx  -  NOy  ratio 
there. 

An  interesting  feature  is  the  nearly  exclusive  formation  of  NO?  by 
reaction  of  NO:  +  0?,  which  -  in  contrast  to  most  OH  source 
mechanisms  -  proceeds  without  sunlight.  Thus  NO?  -  reactions  lead  to 
nighttime  RO;-  (and  even  OH)  formation. 

The  contribution  of  NO?,  in  particular  during  times  of  low  insolation, 
to  the  oxidation  capacity  of  the  atmosphere  and  its  role  in  NOx- 
removai  is  discussed  in  the  light  of  recent  findings  on  the  average  NO? 
concentration  and  its  vertical  distribution  in  the  atmosphere. 
AIRCRAFT-BORNE  MEASUREMENTS  OF  PEROXY  RADICALS, 
RELATED  TRACE  GASES,  AND  UV  RADIATION 


T.  Reiner  MV  M.  Hanke  (1),  F.  Arnold  (1),  H.  Ziereis  (2),  H.  Schlager  (2).  W. 
Junkermann  (3) 

(1)  Max-Plagck  Institut  fur  Kemphysik,  Bereich  Atmospharenphysik, 
Heidelberg,  Germany,  (2)  Institut  fur  Physik  der  Atmosphare,  DLR, 
Oberpfaffenhofen,  Germany,  (3)  Fraunhofer  Institut  fur  Atmospharische 
Umweltforschung,  Garmisch-Partenkirchen,  Germany 
Reiner@kosmo.mpi-hd.mpg.de 

We  have  carried  out  aircraft-borne  measurements  of  peroxy  radicals,  related 
trace  gases,  and  UV  radiation  at  altitudes  between  3.7  and  7.8  km.  Peroxy 
radicals  were  measured  by  chemical  conversion  to  gaseous  sulfuric  acid  and 
detection  of  sulfuric  acid  by  ion  molecule  reaction  mass  spectrometry.  The 
peroxy  radical  instrument  was  calibrated  and  thoroughly  characterized  by  in¬ 
flight  and  laboratory  diagnostic  measurements.  Results  of  diagnostic 
measurements  as  well  as  results  from  the  measurement  flights  will  be 
presented  and  discussed. 


INVESTIGATION  OF  THE  EFFECTIVE  ABSORPTION  CROSS- 
SECTIONS  OF  WATER  VAPOUR  AND  OXYGEN  FOR  THE  VUV 
EMISSION  OF  LOW  PRESSURE  MERCURY  LAMPS  AT  185  NM 

M.  Sedlacek,  M.  Weber  and  A.  Hofzumahaus 

Inst.  f.  Atmospharische  Chemie  (ICG-3)  Forschungszentrum  Jfilich,  Germany. 
M . SedlacekQfz- juelich .de/Fax:  [49]  2461  61  5346 

The  photolysis  of  water  vapor  in  air  by  the  185  nm  radiation  of  a  low  pressure 
mercury  lamp  is  a  widespread  HO*  source  for  calibration  of  field  instruments 
that  measure  atmospheric  OH  and  H02  concentrations.  The  determination 
of  the  generated  radical  concentration  depends  critically  on  the  correct  value 
of  the  H>0  absorption  cross-section  at  185  nm.  If  the  photon  flux  is  moni¬ 
tored  by  02/03  chemical  actinometry,  the  effective  0>  absorption  cross-section 
(<rO  >)  must  also  be  known  accurately.  Following  a  recent  experimental  study 
of  Lanzendorf  et  al.  we  have  reinvestigated  the  absorption  of  the  185  nm  Hg- 
lamp  radiation  by  0>  and  H20  for  the  conditions  used  in  the  HO*  calibration 
of  our  LIF-instrument  in  Julich.  We  present  typical  VUV  emission  spectra  of 
several  Hg  lamps  measured  with  a  VUV  spectrometer  at  high  spectral  resolu¬ 
tion  of  0.01  nm  and  0.05  nm.  These  measurements  clearly  demonstrate  that 
the  185  nm  line  has  an  individual  spectral  shape  for  each  lamp  and  exhibits  a 
long  tail  towards  wavelength  up  to  200  nm.  The  different  overlap  with  the  0  > 
Schumann-Runge  absorption  lines  results  in  different  <t02  values  for  each  lamp 
as  well  as  in  different  dependencies  of  a02  on  the  02  column.  We  also  present 
new  measurements  of  the  effective  absorption  cross-sections  of  H20  at  185  nm 
which  will  be  compared  with  other  recent  literature  values. 


ON  THE  STATUS  OF  PEROXY  RADICAL  MEASUREMENTS:  RESULTS 
FROM  THE  PEROXY  RADICAL  INTERCOMPARISON  EXERCISES  I+II 

Andreas  Volz-Thomas  (I)  and  the  PRICE  Science  Team2 
(1)  ICG-2,  FZ-Jfllich 

a.volz-thomas@  fz-juel  ich.de/fax:  +49-2461  -6 1 5346 

Peroxy  radicals  (HO2  and  its  organic  homologues,  RCh)  are  the  key  intermediates  in 
the  oxidative  decomposition  of  CO  and  hydrocarbons  and  in  the  formation  of  photo¬ 
oxidants  such  as  ozone,  PAN  and  other  organic  nitrates,  and  peroxides. 
Measurements  of  peroxy  radicals  thus  provide  important  insight  into  the  fast 
photochemical  cycles  in  the  atmosphere.  Measurements  of  peroxy  radicals  have  been 
reported  using  Matrix  Isolation/ESR-spectroscopy  (MIESR).  Laser  Induced 
Fluorescence  (LIE),  and  Chemical  Amplification  (CA). 

This  contribution  will  discuss  the  findings  from  two  international  exercises  (PRICE 
and  PRICE  II)  which  were  concerned  with  the  comparison  of  the  different 
techniques  for  peroxy  radical  measurements.  Emphasis  of  PRICE  was  the 
comparison  of  MIESR  and  several  CAs  in  the  atmosphere,  whereas  PRICE  II  was 
mainly  concerned  with  obtaining  a  better  understanding  of  the  particular  problems 
associated  with  the  chemical  amplifier,  e.g.  detection  efficiency  for  R02  versus  HO?, 
and  the  various  radical  sources  that  are  used  for  calibration  of  the  CA. 

:  M.  Heitlinger.  F.  Holland.  A.  Hofzumahaus.  D.  Mihelcic.  P.  Musgen.  M.  Weber  (FZ* 
Juelich):  J.P.  Burrows.  M.D.  Andres  Hernandez.  D.  Stobener  (Univ.  Bremen):  D.  Pemer.  T. 
Arnold.  R.  Souwen  (MPI-C  Mainz);  C.A.  Cantrell  (NCAR.  Boulder);  S.A.  Pcnkett  (Univ. 
East  Anglia.  Norwich):  K.C.  Clemitshaw  (Imperial  College  London):  G.  Laverdet.  K.  El- 
Boudali°S.  Tettfn  (CNRS  Orlans):  J.  Hjorth.  O.  Poulida  (JRC  Ispra):  D.  Hastic.  M.C.  Arias 
(York  Univ..  Toronto);  P.  Sorrell,  and  P.M.  Bom: 1 1  (IFU.  Gamusch-Partenkirchen) 


THE  MEASUREMENT  OF  TROPOSPHERIC  H02  RADICAL 
CONCENTRATIONS  BY  LASER-INDUCED  FLUORESCENCE 
AT  LOW  PRESSURE 

M.  Weber,  A.  Hofzumahaus,  F.  Holland,  J.  Schafer  and  M.  Sedlacek 
Institut  f.  Atmosparische  Chemie  (ICG-3)  Forschungszentrum  Julich,  Germany. 
Mar.Weber©fz-juelich.de/Fax:  [49]  2461  61  5346 

Photochemical  oxidation  of  most  natural  and  anthropogenically  produced  at¬ 
mospheric  trace  gases  is  initiated  by  reactions  with  hydroxyl  radicals  (OH)  and 
leads  to  the  formation  of  hydroperoxyl  radicals  (HO>).  While  in  the  last  years 
a  number  of  high  quality  OH  data  sets  have  been  obtained  by  different  mea¬ 
surement  techniques,  reliable  H02  measurements  are  still  sparse.  In  order  to 
measure  both  radicals  in  parallel  with  a  high  time  resolution  we  have  extended 
the  capabilities  of  our  current  OH  laser-induced  fluorescence  instrument  by 
adding  a  second  measurement  channel  for  the  detection  of  H02  radicals.  While 
this  instrument  directly  detects  OH  radicals,  HO_>  radicals  have  first  to  be 
converted  into  OH  by  reaction  with  NO.  In  order  to  quantify  the  H02  mea¬ 
surements  not  only  a  thorough  understanding  of  the  chemical  conversion  step 
inside  the  fluorescence  chamber  and  its  influence  on  the  detection  sensitivity 
is  needed  but  also  a  well  characterized  H02  radical  source  has  to  be  available 
for  the  calibration  of  the  instrument.  In  our  presentation  we  will  describe  the 
experimental  setup  of  the  H02  clmnnel  and  will  discuss  several  experiments 
which  were  performed  in  order  to  arrive  at  a  comprehensive  understanding  of 
the  different  mechanisms  underlying  the  successful  measurement  of  H02  radical 
concern  rat  ions  by  LIF  spectroscopy. 
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OA20  Radiogenic  isotopes  as  tracers  of 
source-areas  for  aerosols,  suspended  matter 
and  sediments  (joint  with  ST) 

Convener:  Grousset,  F.E. 

Co-Convener:  Sirocko,  F. 


GCM  MODELING  OF  ATMOSPHERIC  DUST  TRANSPORTA¬ 
TION  WITH  CONSTRAINS  ON  PALEO  SOURCES 

K.  K.  Andersen  (1,2)  and  C.  Genthon  (1) 

(1)  Laboratoire  de  Glaciologieet  Geophysique  de  I’Environnement,  38402  Saint- 
Martin-d’IIeres  Cedex,  France,  (2)  Department  of  Geophysics,  Niels  Bohr  In¬ 
stitute,  University  of  Copenhagen,  Denmark. 
katrineOujf-grenoble.grenet.fr 

From  measurements  of  radiogenic  isotopes  it  has  been  possible  to  put  certain 
limits  on  the  location  of  the  possible  sources  of  mineral  dust  transported  to 
the  polar  ice  caps  during  the  Last  Glacial  Maximum.  We  here  present  the  results 
of  simulating  the  atmospheric  dust  cycle  in  an  atmospheric  general  circulation 
model.  The  results  of  the  model  were  compared  to  results  from  measurements  of 
radiogenic  isotopes  in  dust  from  the  ice  cores  and  potential  source  areas.  Model 
results  for  the  Last  Glacial  Maximum,  in  consistance  with  measurements,  show 
a  strong  transportation  of  dust  from  Patagonia  to  the  Antarctic  ice  sheet.  For 
the  Greenland  ice  sheet  the  situation  is  somewhat  more  complicated  due  to  the 
proximity  of  several  potential  source  areas.  However  the  measurements  provide 
constrains  on  the  sources  of  eolian  dust,  which  are  most  important  for  the 
simulation  of  dust  transportation  in  a  paleo-environment,  where  information 
on  e.g.  vegetation  and  soil  texture  are  rather  scarce. 


ORIGIN  OF  CONTINENTAL  AND  VOLCANIC  AEROSOLS  OF  THE 
VOSTOK  ICE  CORE  (ANTARCTICA) 

I-  PasHe  (L5),  F.  Grousset  (2),  M.  Revel  (3),  J.R.  Petit  (1),  P.Biscaye  (4),  F. 
Albarede  (5),  E.Jagoutz  (6) 

(1)  LGGE,  CNRS,  Grenoble,  (2)  DGO,  CNRS,  Bordeaux,  (3)  LGCA  University 
Grenoble,  (4)  LDEO,  New-York,  (5)  ENS,  Lyon,  (6)  MPI,  Mainz 
Basile@glaciog.ujf-grenoble.fr 

The  Vostok  ice  core  (East  Antarctica)  provides  a  continuous  record  of  continental 
dusts  (2-3  pm)  and  volcanic  tephra  (<50  pm)  which  have  undergone  tropospheric 
transport  (5000  to  8000  km)  and  have  reached  the  austral  ice  cape,  during  the  last 
four  climatic  cycles. 

For  continental  dusts,  analyses  of  Sr  and  Nd  isotopes  show  that  they  come  from 
Patagonia  during  both  glacial  (fluxes  of  20  mg'm2/year)  and  interglacial  periods 
(fluxes  of  1 .5  mg/m2/year).  For  volcanic  ash  layers,  the  combination  of  Sr/Nd,  REE, 
major  and  trace  elements  informations,  permits  to  identify,  among  the  Antarctic  and 
peri-Antarctic  volcanic  provinces,  four  main  volcanic  sources:  South  Sandwichs 
Islands.  Antarctic  Peninsula,  Southern  Volcanic  Zone  of  South  America  and  Marie 
Byrd  Land  in  West  Antarctica. 

Those  results  show  that  continental  and  volcanic  aerosols  are  transported  from 
aereas  located,  at  mid  and  high  latitudes,  on  the  atlantic  side  of  Antarctica,  into  East 
Antarctica.  This  westerlie  circumpolare  current,  with  a  convergent  component 
toward  Antarctica,  exist  both  during  glacial  and  interglacial  periods.  This 
reconstruction  of  large  scale  paleo-atmospheric  circulation  permit  a  better  definition 
of  the  location  and  the  geomorpholgy  of  continental  dust  sources  and  give  new 
constraints  to  Atmospheric  Global  Circulation  Models. 


TRACKING  PARTICLES  AND  PARTICULATE  PROCESSES 
WITH  RADIOGENIC  ISOTOPE  TRACERS 

Pierre  E.  Biscave  (1)  and  Francis  E.  Grousset  (2,1) 

(1)  Lamont-Doherty  Earth  Obs.  of  Columbia  University,  Palisades  NY  10964  USA 
<biscaye@ldeo.columbia.edu> 

(2)  D6pt  Gdologie  et  Oceanographic,  URM  5805,  University  Bordeaux  1,  Ave. 
dcs  Facult6s,  33405  Talence-cedex  France 

The  processes  by  which  minerals  become  detached  from  parent  rocks  and  each  other, 
become  ground  down,  partly  dissolved  and  transformed  into  other  minerals,  are 
transported  by  moving  water,  wind  and  ice  to  intermediate  and  final  places  of 
deposition  on  the  continents  and  in  the  oceans  -  these  processes  reflect  an  enormous 
range  of  physical  and  chemical  conditions  of  the  Earth's  surface  and  of  its  fluids  of 
air  and  water.  To  decipher  the  record  of  these  processes  and  conditions  from 
sediments  generally  requires  that  they  be  traceable  back  to  the  primary  rocks  from 
which  they 'were  derived.  Tracer  characteristics  for  this  determination  of  provenance 
must  be,  at  least  in  combination,  diagnostic  of  the  source  area  and  must  be 
reasonably  conservative  throughout  the  intervening  processes  to  their  ultimate 
deposition.  Natural  isotope  compositions  of  several  radioisotope  systems  provide 
excellent  tracer  characteristics  because  they  vary  with  the  lithologies  and  geologic 
ages  of  parent  rocks,  which  themselves  vary  on  spatial  scales  comparable  to  those 
of  the  physical  and  chemical  processes  elucidated.  The  geochemistries  of  the  several 
radioisotope  systems  react  differently  to  these  weathering  and  transport  processes. 
We  will  review  the  several  decades  of  use  of  these  isotope  systems  (Rb-Sr,  Sm-Nd, 
U-Pb)  by  the  authors  and  others  to  study  marine,  lacustrine  and  soil  sediments  and 
modem  aerosols  as  well  as  the  record  of  paleoaerosols  in  polar  icc  cores  and  snow. 


Sm/Nd  ISOTOPES  IN  CONTINENTAL  AEROSOLS:  RESULTS 
FROM  A  STUDY  OF  EPIPHYTIC  LICHENS 

J.  Carignan.  L.  Reisberg  and  C.  Spatz 
CRPG/CNRS,  54501  Vandoeuvre-les-Nancy,  France 
carignan@crpg.cnrs-nancy.fr/Fax  33  3  83  51  17  98 

Epiphytic  lichens  hanging  in  trees  provide  a  natural  means  of  filtering  atmospheric 
particles  over  large  geographic  areas.  Concentrations  of  non-soluble  elements  in 
these  particles  are  found  in  ratios  comparable  to  those  of  continental  crustal 
sediments.  We  report  Sm/Nd  isotopic  results  from  lichens  collected  in  Europe  and 
N.  America,  where  geological  terrains  range  in  age  from  Archean  to  Cenozoic.  This 
large  age  variation  permits  the  aerosol  sources  to  be  easily  traced  by  their  Nd 
isotopic  compositions.  Additionally  it  allows  us  to  investigate  whether  trace 
element  ratios  of  aerosols  have  varied  with  crustal  residence  age,  estimated  from  the 
Nd  isotopic  composition.  Our  preliminary  data  display  a  range  in  ,47Sm/,44Nd 
that  varies  from  0.096  to  0.121  and  correlates  with  a  range  in  Nd  model  age  from 
2.7  Ga  to  1.5  Ga.  These  ages  are  consistent  with  the  geological  ages  of  the  retrains 
in  which  the  lichens  were  collected.  The  observed  correlation  agrees  with  that  found 
among  river  sediments  in  previous  studies  (Goldstein  et  al.,  1984;  Goldstein  and 
Jacobson,  1988).  We  find  no  correlation  between  major  element  composition,  as 
expressed  by  Ti/AI  ratio,  and  Nd  model  age.  This  suggests  that  the  observed  trend 
does  not  result  from  mixing  between  young  mafic  and  old  felsic  endmembers,  but 
rather  reflects  secular  variation  of  trace  element  ratios  derived  from  the  mantle 
(Albarede  and  Brouxel,  1987). 


SAHARAN  WIND  REGIMES  TRACED  BY  THE  Sr-Nd 
ISOTOPIC  COMPOSITION  OF  THE  SUBTROPICAL 
ATLANTIC  SEDIMENTS. 

F.E.  Grousset  (1).  M.  Parra  (1).  A.  Bory  (2) 

( I )  DGO,  UMR  5805  EPOC,  Universite  Bordeaux  I,  Avenue  des  Facultes,  33405 
Tale  nee  Cedex  (France):  e-mail:  grousset@geocean.u-bordeaux.fr,  (2)  Centre  des 
Faibles  Radioactivites,  Avenue  de  la  Terrasse,  91198  Gif-sur- Yvette,  France 

New  Nd-Sr  isotopic  data  on  the  <30pm  lithic  particles  of  surface  and  LGM 
sediments  recovered  along  the  African  margin  between  the  equator  and  the  Gibraltar 
Strait,  arc  presented  in  combination  with  grain-size  measurements.  This  <30pm  size 
fraction  allows  us  to  eliminate  any  hemipelagic  contribution  that  could  occur  in  the 
coarser  fractions.  In  the  eolian  fraction,  both  Sr  and  Nd  isotopic  tracers  reveal  the 
same  major  northwestern  origin  (Mauritania.  Mali,  southern  Algeria  and  Morocco). 
The  Archaean  formations  of  the  western  Saharan  shield  could  be  the  source  of  the 
very  unradiogenic  ratios  observed  here.  The  more  southern  regions  (Senegal,  Guinea) 
act  only  as  secondary  sources.  A  similar  pattern  is  observed  for  the  LGM.  Lithic 
particles  are  mostly  transported  by  both  Trade  and  Saharan  Air  Layer  (SAL)  winds, 
along  an  average  NE-SW  axis;  this  main  feature  matches  the  "southern  plume", 
characterizing  the  dust  transport  observed  during  winter.  No  significant  latitudinal 
shift  of  the  belt  winds  is  observed  between  LGM  and  today.  At  LGM.  however,  dust 
fluxes  were  2  to  4  times  higher  than  today,  leading  to  a  more  "Archaean-type" 
imprint  in  the  deposits.  We  do  not  observe  any  clear  relationship  between  the 
latitudinal  variability  of  the  upwclling  systems  identified  at  LGM.  and  the  location 
of  the  major  wind  systems.  Both  enhanced  aridity  on  the  continent,  and  increased 
wind  speed  probably  occurred  together  over  western  tropical  Africa  at  LGM. 
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K-\r  AND  40Ar/39Ar  ISOTOPIC  SIGNATURE  OF  ENHANCED  ICE¬ 
RAFTING  SUPPLY  IN  THE  NE  ATLANTIC. 

S.  Huon(l).  P.  Monie  (2),  R.  Jantschik  (3),  F.  Grousset  (4)  and  B.  KQbler  (5) 

(1)  LBI-UMR  162,  Universite  Paris  VI,  Paris:  LGGP-URA  1763,  USTL, 
Montpellier;  (3)  Shell  UK  Exploration  and  Production,  Aberdeen,  (4)  DGO-URA 
197,  Universite  de  Bordeaux  I,  Talence;  (5)  LMPG-Institut  de  Geologie, 
Universite  de  Neuchatel,  Neuchatel.  huon@ccr.jussieu.fr  /  fax  +33  1  44  27  41  64 

Mineralogical,  K-Ar  and  40Ar/39Ar  age  determinations  were  carried  out  on  fine 
grained  (<16  pm)  silicate  fractions  of  NE  Atlantic  sediments  (47°30'N  -  19°30'W) 
to  characterize  the  changes  in  source  and  transport  of  detrital  supply  during  the 
phases  of  enhanced  ice-rafting  (Heinrich  events)  of  the  Late  Quaternary.  HLi, 
HL}.  HL4,  HL5  (and  two  older  HLs)  sediments  display  equivalent  K-Ar  and 

integrated  40Ar/39Ar  ages  within  analytical  uncertainty  which  suggests  a  mixture 
of  Grenvillian  (800-1000  Ma)  and  lower  Proterozoic  (1800-2100  Ma)  minerals 
originating  from  the  Canadian  shield.  HLs  do  not  consist  in  a  simple  addition  of 
coarse  ice-rafted  material  to  ambient  sedimentation.  In  contrast  40Ar/39Ar 
integrated  ages  are  systematically  older  than  K-Ar  ages  for  ambient  and  HL3 

silicate  fractions.  The  age  discrepancy  is  due  to  recoil  induced  39Ar  loss  attributed 
to  a  volcanogenic  component  either  transported  by  NADW  from  the  Iceland- 
Faeroe  regions  for  ambient  sediments  and/or  ice-rafting  for  HL3.  This  component 
is  nearly  "absent  for  HL|,  HL2,  HL4  and  HL5.  The  isotopic  data  support  the 
hypothesis  of  a  strong  decrease  of  deep  water  circulation  due  to  surges  of  the 
Laurentide  ice  sheet  in  the  NE  Atlantic  basin.  However,  information  on  changes  in 
deep  water  circulation  mode  during  HL3  cannot  be  inferred  from  K-Ar  and 

4(^Ar/39Ar  isotopic  data. 


STABLE  LEAD  ISOTOPES  CONTRIBUTION  TO  THE  CHEMICAL 
CLIMATOLOGY  OF  THE  WESTERN  MEDITERRANEAN 

B-  Joumcl 1  z,  L.  Alleman  \  E.  Nicolas  2,  A.  V£ron  1  and  B.  Hamclin  1 

(1)  Cercge,  URA  CNRS  132,  BP  80,  13545  Aix  cn  Provence  Cdx  4,  France,  (2) 
LPCM,  Quai  de  la  Darse,  BP  08,  06238  Villefranche/mer,  France. 
Joumel@obs-vlfr.fr;  Lalleman@udel.edu,  Nicolas@obs-vlfr.fr,  Averon@cerege.fr, 
Hamelin@cerege.fr 

Our  main  objective  is  to  discriminate  source  inputs  from  various  anthropogenic 
(industrial,  gasoline  exhausts)  and  natural  (mostly  Saharan  dust)  emissions  to  the 
western  Mediterranean  to  better  define  the  chemical  climatology  of  this  enclosed 
basin.  Here  we  present  the  first  evidence  of  a  clear  isotopic  discrepancy  between 
anthropogenic  emissions  from  southern  France,  Spain,  Italy  and  Morocco.  This 
discrepancy  is  investigated  on  the  basis  of  gasoline  and  industrial  isotopic  signatures 
as  measured  in  western  Europe.  Isotopic  ratios  were  determined  on  aerosols  collected 
concurrently  from  a  French  coastal  site  (Cap  Ferrat  near  Nice)  and  at  sea  (transect 
between  Dakar-Senegal  and  Toulon-France).  The  a>6Pb'=07Pb  ratios  appear  more 
radiogenic  at  sea  (-1,155±0,017)  than  on  the  coast  (=1, 137±0,02)  suggesting  a 
larger  impact  of  the  Saharan  dust  at  sea.  Stable  lead  isotopes  were  determined  from 
sequential  atmospheric  sampling  (aerosols,  filtered  and  unfillered  rain,  bulk 
deposition)  at  the  Cap  Ferrat  during  specific  climatological  events  (including  Saharan 
dust  and  anthropogenic  plumes)  to  investigate  this  difference  and  trace  the  processes 
that  control  trace  metal  deposition  to  fragile  coastal  environments. 


PARTICLE  GRAIN-SIZE  CONTROL  ON  THE  Sr-Nd  AND  Pb  ISOTOPIC 
COMPOSITION 

M.  Revel  (1).  P.  Biscaye  (2),  F.  Grousset  (3),  L  Basile  (4) 

(1)  LGCA  15,  rue  Maurice  Gignoux,  38031  Grenoble  France  (3)  DGO,  U.  de 
Bordeaux  I,  33405  Talence  FRANCE,  (2)  LDEO  University  Palisades  NY  1 0964 
USA,  (4)  LGGE,  38402  St  Martin  d’Heres,  FRANCE. 

One  of  the  most  direct  sources  of  information  on  paleo-atmospheric  circulation  is 
provided  by  aerosols  raised  from  the  continents  by  dust  storms  and  transported 
over  long  distances  to  the  polar  ice  caps.  The  clay  mineralogy  and  radiogenic 
isotopic  characteristics  of  the  dust  accumulated  in  GISP  2  ice  core  (Greenland) 
and  Vostok  ice  core  (Antarctica)  have  allowed  us  to  identify  their  origin,  from 
which  we  can  construct  the  trajectory  of  the  paleo-atmospheric  circulation.  To  use 
the  lithic  particles  as  tracers  of  the  source-areas,  it  is  assumed  that  their  isotopic 
signal  have  not  undergone  chemical  and  petrological  modifications  during  the 
phase  of  deflation,  transporation  and  deposition.  To  try  to  answer  this  particular 
point,  we  have  studied  the  relationship  between  clay  mineralogy/Sr-Nd-Pb  isotopic 
system  and  grain-size  fraction  of  atmospheric  dust  particles,  sampled  in  possible 
source  areas  from  around  both  hemispheres.  The  systematic  analyses  of  Sr-Nd-Pb 
isotopic  ratios  measured  on  separate  size  fraction  (0-2pm,  2-5  pm,  5-10  pm,  10-20 
pm,  >20pm)  reveal  high  isotopic  variations  related  to  the  grain  size  fraction.  The 
variations  for  the  Rb-Sr  system  follow  the  same  trend,  which  can  be  explained  by 
a  mineral  partition  in  the  parent  rock  and  a  preferential  alteration  of  the  86Sr-rich, 
87Rb-poor  feldpar  in  many  crustal  rocks.  For  the  Sm-Nd  and  U-Th-Pb  systems, 
the  isotopic  variations  are  more  diverse  and  seem  to  be  related  to  mineral 
fractionation  related  to  the  size. 


PROVENANCE  OF  CLASTIC  SEDIMENTS  IN  THE  NORTHERN  INDIAN 
OCEAN;  EVIDENCE  FROM  THE  143Nd/44Nd,  87Sr/86Sr  COMPOSITION 

F.  Sirocko  (1).  S.L.  Goldstein  (2) 

(1)  GeoForschungsZentrum  Potsdam,  14473  Potsdam 

(2)  lamont-Doherty  Earth  Observatory,  Palisades,  NV  10964,  USA 
sirocko®  gfz-potsdam.de 

Distribution  patterns  of  87Sr/86Sr  and  143Nd/144Nd  for  the  lithic  fraction  of 
Arabian  Sea  sediments  are  presented  for  the  sediment  surface,  the  early 
Holocene  and  the  late  Glacial.  The  Holocene  patterns  outline  a  prominent 
source  of  dust  by  northwestely  winds  from  the  Arabian  peninsula,  which 
dominates  sedimentation  in  the  western  sector  of  the  Arabian  Sea,  and  a 
fluvial  source  by  Indian  rivers  in  the  eastern  sector.  During  glacial  times  we 
observe  a  third  eolian  source  with  dust  plumes  entering  the  Arabian  Sea 
from  the  northwest,  i.e.  from  Iran  and  the  area  of  the  Persian  Gulf,  which 
was  dry  land  at  that  time.  Dust  raised  in  East  Africa  and  transported  by  the 
low  level  summer  southwest  monsoon  is  not  observed  and  the  isotopic 
composition  of  sediments  in  the  western  Arabian  Sea  is  far  from  values 
being  typical  for  the  East  African  basalts.  Accordingly,  past  variations  in  the 
composition  and  mass  of  eolian  particles  deposited  in  the  western  Arabian 
Sea  are  related  to  climate  changes;  the  dust  is  not  transported  directly  by 
the  southwest  monsoon  winds,  but  by  northwesterlies,  thus  recording 
environmental  changes  in  the  entrainment  areas  of  dust,  sea  level,  and 
latitudinal  shifts  of  the  boundary  between  the  southwest  monsoon  wind  over 
the  ocean  and  northwesterly  winds  over  the  desert. 


ON  THE  ORIGIN  OF  CONTINENTAL  DUST  IN  THE  GREENLAND  GRIP 
ICE  CORE  BACK  TO  44  KYR  BP 

Anders  Svensson  (1),  Pierre  E.  Biscaye  (2)  and  Francis  E.  Grousset  (3) 

(1)  University  of  Copenhagen,  Department  of  Geophysics,  Juliane  Maries  Vej  30, 
2100  Copenhagen  OE,  Denmark,  as@gfy.ku.dk,  (2)  Lamont-Doherty  Earth  Obs.  of 
Columbia  University,  Palisades  NY  10964  USA,  biscaye@ldeo.columbia.edu.  (3) 
DEpt.  GEologie  et  OcEanographie,  UniversitE  Bordeaux  1,  Ave.  des  FacultEs, 
33405  Talence-cedex,  France,  grousset@geocean.u-bordeaux.fr 

Fourteen  dust  samples  extracted  from  the  GRIP  ice  core  (72. 6N,  37.6W)  [A]  have 
been  characterized  in  terms  of  mineralogy,  Sr,  Nd,  and  Pb  isotopic  composition,  and 
REE  concentrations.  The  ice  samples  are  taken  from  the  Holocene  and  from  both 
mild  and  cold  periods  during  the  Last  Glacial  back  to  44  kyr  BP.  The  objective  of 
the  study  is  to  determine  the  variability  of  the  dust  composition  in  relation  to 
climate,  and  to  determine  the  continental  provenance  of  the  dust.  The  overall 
mineralogy  and  the  Sr  and  Nd  isotopic  composition  is  similar  for  alj  samples,  but 
with  some  variation  in  the  Holocene.  A  comparison  with  samples  from  possible 
source  areas  confirms  Asia  as  being  the  main  source  area  during  the  LGM  [B], 
Preliminary  results  indicate  that  Asia  is  also  the  dominant  source  area  at  other  times 
during  the  Last  Glacial  and  the  Holocene,  but  with  a  possible  addition  of  another 
probably-Asian  source  in  the  Holocene. 


REE  PATTERN  AND  ND  ISOTOPIC  RATIOS  OF 
SEAWATER,  FILTERED  SUSPENSIONS  AND  TRAPPED 
MATERIALS  FROM  TROPICAL  NE  ATLANTIC 

K.  Tachikawa  and  C.  Jeandel 

LEGOS  (CNES/CNRS/UPS),  Toulouse,  France 

Kazuyo.TACHIKAWA@cnes.fr/Fax:  33.5.61.25.32.05 

Rare  Earth  Element  (REE)  concentrations  and  Nd  isotopic  ratios  were 
measured  for  seawaters,  filtered  suspensions  (>  0.65  um)  and  trapped 
materials  collected  at  three  EUMELI  sites  (F-JGOFS:  20°N,  18  ~ 
31°W).  The  £Nd(0)  values  of  the  seawaters  vary  with  depths  and  sites  (- 
13.0  -  -10.5).  Those  of  the  suspensions  present  vertical  profiles  similar 
to  those  of  the  seawaters,  although  the  ENd(O)  values  are  more  negative 
(.13  5  ^  -11.7).  Mean  ENd(O)  values  of  carbonate  free  sediments  are 
more  negative  than  the  suspension  values  at  the  studied  sites  (Grousset 
at  al.,  in  press).  The  intermediate  values  of  the  suspensions  suggest  that 
the  suspended  matter  contains  both  authigenic  (seawater  origin)  and 
lithogenic  Nd.  Light  REE  enriched  REE  pattern  of  the  suspensions 
supports  a  preferential  uptake  of  dissolved  LREE  by  the  marine 
particles.  Applying  the  binary  mixing  hypothesis  to  the  trapped 
materials,  we  estimate  that  40  ~  45  %  Nd  in  the  large  sinking  particles 
is  seawater  origin.  Our  results  show  that  the  marine  particles  contain 
inert  lithogenic  Nd  which  allows  to  trace  lithogenic  sources.  However, 
they  transport  also  authigenic  Nd  signals  resulting  from  a  surface 
adsorption  and  dissolved-particle  exchange. 
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NP3  Transport  and  mixing  In  geophysical  flows 

Convener:  Legras,  B. 

05  Transport  and  mixing  of  chemical  species  in 
the  atmosphere,  including  urban  and  Regional 
problems  in  the  troposphere  and  global-scale 
problems  in  the  troposphere  and  stratosphere 
(co-sponsored  by  OA  &  ST) 

Convener:  Haynes,  P.H. 


arima  model  estimation  for  urban  ozone  at  the  canary 

ISLANDS  AND  ITS  RELATIONSHIP  WITH  OTHER  POLLUTANTS 
H.  Alonso,  L.  Cana,  B.  Gonzalez,  P.  Sancho 

Physics  Department  ULPGC.  35017  Las  Palm as  de  Gran  Canaria  (Spain) 

Based  on  the  Ozone  hourly  data  and  other  different  pollutants  as  S02,  SPM,  Nitrogen 
Oxides  and  CO  obtained  at  an  urban  station  placed  close  to  a  power  plant  of  Las 
Palmas  de  Gran  Canaria  (Canary  Islands),  an  ARIMA  model  has  been  determined  to 
describe  its  evolution.  First  trend  and  spectral  analyses  using  the  Fast  Fourier 
Transform  (FFT)  to  detect  the  different  periodicities  have  been  carried  out  Once  the 
model  has  been  identified,  the  different  relationship  between  the  Ozone  and  the  other 
mentioned  pollutants  have  been  determined.  In  order  to  detect  these  relations,  the 
Cross-Correlation  Functions  (CCF)  between  the  different  prcwithened  series  have  been 
used.  This  technique  has  allowed  to  determine  die  characteristic  time  dependence  on 
each  one,  caused  by  the  photochemical  transformations  between  the  pollutants, 
showing  different  lags  between  them. 


RELATIONSHIP  BETWEEN  TROPHOSPHERIC  OZONE  AND 
METEOROLOGICAL  PARAMETERS  AT  TALIARTE  (GRAN  CANARIA). 

H.  Alonso,  L.  Cana,  B.  Gonzalez,  P.  Sancho 

Physics  Department  ULPGC.  35017  Las  Palmas  de  Gran  Canaria  (Spain) 

As  it  has  been  pointed  out  in  precedent  studies,  ozone  diurnal  variations  at  Taliarte 
(Canary  Islands)  are  dominated  by  two  different  situations:  trade  winds  and  marine 
breeze.  Besides,  a  well-determined  relationship  between  the  presence  of  trade  winds 
and  low  values  of  ozone  registered  at  Taliarte,  has  been  found.  Multivariate  ARIMA 
model  and  Cross  Correlation  Functions  (CCF)  have  been  determined  to  identify  the 
influence  of  some  meteorological  parameters  in  the  measured  amount  of  ozone  during 
several  situations  without  die  presence  of  trade  winds. 


MULTIVARIATE  MODEL  ESTIMATION  USING  METEOROLOGICAL 
PARAMETERS  FOR  URBAN  POLLUTANTS  AT  GRAN  CANARIA 
(CANARY  ISLANDS). 

H.  Alonso,  B.  Gonzalez,  P.  Sancho 

Physics  Department.  ULPGC.  35017  Las  Palmas  de  Gran  Canaria  (Spain) 

ARIMA  model  have  been  determined  for  several  hourly  series  of  pollutants  at  Las 
Palmas  de  Gran  Canaria.  Dry  temperature,  relative  humidity  and  pressure  have  been 
chosen  as  meteorological  parameters  for  the  input  of  the  mentioned  multivariate 
model.  It  has  been  determined  that  high  values  of  dry  air  temperature  increase  the 
photochemical  transformations  between  the  different  pollutants.  Also,  the  dependence 
of  the  pollutant  transformation  and  the  trade  winds  have  been  identified.  Finally, 
stable,  high-pressure  episodes  have  been  related  to  the  pollutant  persistence  at  the 
urban  atmosphere. 


THERMAL  INVERSION  IMPACTS  ON  THE  MIXING  PROPER¬ 
TIES  OF  THE  LOW  ATMOSPHERE  WITHIN  A  DEEP  VALLEY 
S.  Anquetin  and  J.P.  Chollet 

Laboratoire  des  Ecoulements  Geophysiques  et  Industrie^,  Grenoble,  France. 
Sandrine.AnquetinChmg.inpg.fr/Fax:  [33]  476  82  52  71 

Pollution  problems  within  deep  valley  systems  are  associated  to  low  wind  con¬ 
ditions  with  significant  stratification  including  a  strong  inversion  layer,  which 
reduces  the  exchanges  towards  larger  scales. 

Previous  studies  have  shown  that  the  structure  as  well  as  the  characteristic 
scales  (height,  strength,  and  duration)  of  the  thermal  inversion  within  the  val¬ 
ley  strongly  depend  on  the  season.  These  results  can  be  interpreted  for  urban 
pollution  planning  since  the  dynamics  scales  are  in  the  same  order  of  the  reac¬ 
tive  chemical  processes. 

Our  contribution  deals  with  the  large  eddy  simulations  of  a  complete  diurnal 
cycle  of  atmospheric  flows  within  different  schematic  valleys,  atmosphere. 

The  main  objectives  are  to  point  out  the  influence  of  the  valley  aspect  ratio 
and  the  influence  of  the  shape  (convex  or  concave  V  or  U-shaped  valley)  on 
the  characteristic  scales  of  the  thermal  inversion.  The  impact  on  the  mixing 
properties  of  the  lowest  layers  of  the  atmosphere,  linked  to  the  time  evolution 
of  the  stratification  whitin  the  valley,  is  shown  through  the  visualization  of  the 
iso-concentration  of  a  passive  scalar  emitted  in  the  centre  of  the  valley  during 
three  different  periods  :  at  the  end  of  the  night  (when  the  thermal  inversion  is 
the  strongest  and  when  its  vertical  extension  is  maximum),  at  noon  (when  the 
inversion  is  the  weakest  or  completly  destroyed),  and  at  sunset. 


A  TRACER  CLIMATE  MODEL  BASED  ON  THE  LMDZ  AGCM 
A.  Armengaud  (1),  K.  K.  Andersen  (1,2)  and  C.  Genthon  (1) 

(1)  Laboratoire  de  Glaciologie  et  Geophysique  de  rEnvironnement,  38402  Saint- 
Martin-d’Heres  Cedex,  France,  (2)  Department  of  Geophysics,  Niels  Bohr  In¬ 
stitute,  University  of  Copenhagen,  Denmark. 
alexCglaciog . njf-grenoble . f r 

On  the  basis  of  the  new  LMDz  atmospheric  general  circulation  model  a  tracer 
climate  model  has  been  developped.  The  implicit  scheme  of  the  boundary  layer 
and  the  convective  and  advective  schemes  of  the  GCM  were  altered  to  include 
passive  tracer  transportation.  Furthermore  the  possibilities  of  dry  and  wet  de¬ 
position  as  well  as  radioactive  decay  were  implemented.  The  general  features 
of  this  model  have  been  validated  simulating  the  atmospheric  cycles  of  222Rn 
and  210Pb,  and  lately  through  the  simulation  of  mineral  dust,  a  tracer  of  more 
climatic  significance.  A  special  feature  of  the  applied  GCM  is  the  ability  of 
applying  a  stretched  grid.  This  means  that  the  resolution  can  be  increased  to 
near  mesoscale  over  specific  areas  of  interest,  with  the  model  remaining  global 
at  reasonable  computational  cost. 
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TWO  YEARS  LIDAR  AEROSOL  MEASUREMENTS  AT  THESSALONIKI, 
GREECE 

D.  Balis  (I),  A.  Papayannis  (2),  E.  Galani  (1),  F.  Marenco  (3),  V.  Santasecaria  (4), 
I.  Ziomas  (1)  and  C.  Zerefos  (1) 

(1)  Laboratory  Atmospheric  Physics,  Aristotle  University  of  Thessaloniki,  Greece 

(2)  Physics  Department,  National  Technical  University  of  Athens,  Greece 

(3)  ESA,  Netherlands 

(4)  CNR-IROE,  fcdjr 
Email:  balis@ccf.auth.gr 

Measurements  of  the  vertical  lower  tropospheric  profile  of  the  aerosol 
backscattering  coefficient  have  been  performed  at  the  city  of  Thessaloniki,  since 
1996  using  a  ground-based  backscattering  lidar  system  operating,  simultaneously, 
at  355  nm  and  532  nm.  Measurements  have  been  carried  out  throughout  the  year 
around  local  noon  hours  and  during  extensive  time  periods.  The  different  aerosol 
loads  and  their  vertical  extension  in  the  urban  lower  troposphere,  between  the 
“warm”  and  “cold”  periods  over  Thessaloniki  are  discussed  Case  studies  of  the 
diurnal  evolution  of  the  aerosol  layer  over  the  city  of  Thessaloniki  have  been 
examined  under  different  meteorological  conditions  prevailing  in  the  area.  From 
the  analysis  of  these  studies  the  origin  of  the  aerosol  layer  is  indicated  and  the 
evolution  of  the  boundary  layer  over  the  site  is  described  Two  cases  are  also 
presented  when  dust  lifted  from  Sahara  desert  was  transported  over  the  measuring 
site.  The  height  of  this  layer  was  determined  between  3-t  km  and  the  optical  depth 
at  532  nm  of  the  Sahara  dust  layer  was  found  to  be  of  the  order  of  0. 1 . 


ADAPTIVE  PARCEL  ADVECTION 
M.Bithell  and  SJ.Pepler 

Rutherford  Appleton  Laboratory,  chilton,  Didcot,  Oxon,  0X11 OQX, 
ENGLAND 

M.BiffieU@rUc.uk  /Fax:  +44  (0)  1235  445848 

We  present  a  method  for  performing  trajectory  analyses  using  an  adaptive 
irregular  mesh  to  allow  refinement  of  the  resolution  of  the  flow.  We  keep 
track  of  nearest  neighbours  using  Delaunay  triangulation.  Where  parcel 
densities  drop  below  a  critical  value,  extra  parcels  can  be  added  Similarly 
parcels  can  be  removed  where  the  density  exceeds  a  threshold.  The  critical 
value  can  be  set  using  geographical  information,  (eg.  more  parcels  in  the 
Northern  hemisphere),  dynamical  quantities  (e.g.  shear  in  the  flow  field), 
tracer  gradients,  or  other  desired  parameters.  Arbitrary  moving  boundaries 
can  be  included  to  confine  the  parcels  to  a  predefined  region.  Variable 
times teps  are  incorporated  to  allow  for  the  changes  in  resolution  from  place 
to  place.  The  technique  can  be  used  in  two  or  three  dimensions.  We  compare 
two-dimensional  results  with  contour  advection  calculations  by 
concentrating  the  parcel  density  close  to  a  fixed  value  of  a  tracer  initialized 
using  the  potential  vorticity  on  an  isentropic  surface  The  potential  for , 
extension  of  the  method  to  a  full  dynamical  model  will  be  discussed. 


MODEL  HIERARCHY  FOR  THE  DETERMINATION  OF  METEO¬ 
ROLOGICAL  AND  CHEMICAL  PROCESSES 

StLsanne  Bauer.  Barbel  Langmann  and  Daniela  Jacob 
Max-Planck-Institut  fur  Meteorologie,  D-20146  Hamburg 
susanne.bauer@dkrz.de 

The  global,  regional  and  local  scale  model  hierarchy  ECHAM-REMO-GE- 
SIMA  is  being  developed  to  improve  the  understanding  of  formation  pro¬ 
cesses  of  photooxidants  together  with  the  changing  oxidizing  capacity  of  the 
atmosphere  especially  in  the  European/German  area.  The  models  are  coupled 
every  6h  (global-regional)  up  to  lh  (regional-local)  by  one-way  nesting,  mete¬ 
orology  and  chemistry  is  determined  simultaneously  (on-line). 

A  summer  smog  episode  in  1994  was  chosen  for  a  first  application  of  the  mes- 
o  sc  ale  part  of  the  model  system  (REMO-GESIMA).  Preliminary  results 
focussing  on  ozone  prediction  and  scale  dependence  of  several  trace  gas  dis¬ 
tributions  are  subject  of  interest.  For  the  future  it  is  planed  to  use  the  complete 
model  hierarchy  for  analyzing  climate  and  emission  szenarios  based  on  global 
simulations  with  the  climate  model  ECHAM. 


HIGH  RESOLUTION  FORECASTS  OF  POLAR  STRATO¬ 
SPHERIC  OZONE  USING  THE  CANADIAN  GLOBAL  ENVI¬ 
RONMENTAL  MULTISCALE  MODEL 

G.  Brunet  (1),  S.  Gravel  (2),  M.  Roch  (3),  P.  Gauthier  (4),  S.  PeUerin  (5),  N. 
Ek  (6)  and  S.  Edouard  (1) 

(1,2,3, 4,5, 6)  Meteorological  Research  Branch,  Environment  Canada,  2121 
Trans-Canada  Highway,  5th  Floor,  Dorval,  Quebec,  CANADA  H9P  1J3. 
dalyClinapi.apg.de/Fax:  [49]  5556  979  240 

Preliminary  high  resolution  forecasts  of  polar  stratospheric  ozone  are  presented 
using  the  Global  Environmental  Model  (GEM),  an  innovative  model  oper¬ 
ationally  used  at  the  Canadian  Meteorological  Center.  Here  we  use  it  in  a 
regional  configuration  where  the  resolution  is  focused  over  either  one  of  the 
polar  regions,  to  study  the  effect  of  resolution  on  a  simple  stratospheric  ozone 
chemistry.  Both  the  sensitivity  to  the  horizontal  and  vertical  resolutions  are 
examined  by  considering  uniform  50  km  and  25  km  horizontal  meshes  over  the 
area  of  interest,  and  by  increasing  the  number  of  vertical  levels  in  the  strato¬ 
sphere.  The  UKMO  analyses  are  used  to  initialize  the  dynamical  variables  of  the 
model  while  analyses  based  on  total  ozone  data  from  the  Global  Ozone  Moni¬ 
toring  Experiment  (GOME).provide  the  initial  conditions  for  chemistry.  These 
univariate  analyses  of  ozone  were  obtained  with  a  3D-variational  assimilation 
(3D-var)  developed  out  of  the  CMC  operational  3D-var.  The  EOF  associated 
to  these  analyses  are  also  presented  to  assess  the  quality  of  the  assimilation 
system.' 


ON  THE  MODELLING  OF  CLIMATOLOGICAL  CHARACTER¬ 
ISTICS  OF  PHOTOCHEMICAL  SMOG  IN  BOHEMIAN  BASIN 

J.  Bednar,  J.  Brechler  and  T.  Halenka 

Dept,  of  Meteorology  and  Environment  Protection,  Fac.  of  Mathem.  and 
Physics,  Charles  University,  V  Holesovickach  2,  180  00  Prague  8,  Czech  Rep.. 
tomas.halenkaOiftff.cuni.cz/Fax:  [+420  2]  2191  2533 

The  transport  of  air  pollution  on  the  regional  scale  (Bohemian  region)  is  pre¬ 
sented.  The  results  of  Charles  University  puff  model  for  the  imission  assessment 
are  used  to  give  information  on  the  concentration  fields  of  ozone,  nitrogen  ox¬ 
ides  and  other  ozone  precursors.  Current  version  of  the  model  covers  up  to 
16  compounds  and  it  is  based  on  trajectory  computation  using  climatologi¬ 
cal  wind  roses  and  puff  interaction  both  by  means  of  Gaussian  diffusion  mixing 
and  chemical  reactions  of  species  mentioned  above.  The  alternative  approach  in 
terms  of  episodes  studies  can  be  solved  as  well,  i.e.  appropriate  meteorological 
data  can  be  used  to  estimate  immision  characteristics  both  for  episodes  analysis 
and,  in  case  of  connection  to  meteorological  model  forecast,  the  prediction  of 
future  air  quality  conditions. 


RELATIONSHIP  BETWEEN  METEOROLOGICAL  PARAMETERS  AND 
SYNOPTIC  CONDITIONS  WITH  EPISODIC  PERIODS  AT  SANTA  CRUZ  DE 
TENERIFE  (CANARY  ISLANDS) 

L.  Canal,  H.  Alonsol,  A.  Diaz2,  P.  Sanchol 

1  Physics  Department  ULPGC.  Las  Palmas  de  Gran  Canaria  (Spain) 

2  Physics  Department  Universidad  de  La  Laguna.  Tenerife  (Spain) 

Through  the  use  of  the  data  provided  by  an  urban  pollutant  measurement  station 
placed  close  to  a  refinery  plant  at  Santa  Cruz  de  Tenerife  (Spain),  several  high 
pollutant  concentration  episodes  have  been  analysed.  The  data  provided  by  a  captive 
balloon  have  been  plotted  on  a  Skew  T  fl  Log  p  thermodynamic  diagram  to  describe 
the  typical  conditions  of  the  lower  layers  of  the  atmosphere  for  each  day  analysed. 
Once  these  conditions  have  been  determined,  the  synoptic  patterns  related  to  all  these 
situations  have  been  identified.  A  S-SE  wind  flow  related  to  a  high-pressure  area 
placed  at  the  Saharian  area  gives  a  subsidence  inversion  at  the  lower  layers  of  the 
atmosphere.  Both  features  depict  the  typical  conditions  related  to  these  episodic 
situations. 
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OBSERVATION  OF  ATMOSPHERIC  BOUNDARY  LAYER 
CHARACTERISTICS  OVER  AN  URBAN  SITE 

P.  Castracane  (1),  M.  P.  Rao  (2),  S.Casadio  (1),  M.  Cacciani  (1),  P.G. 
Calisse  (1)  and  G.  Fiocco  (1) 

(1)  Dipartimento  di  Fisica,  Univaersita  di  Roma  “La  Sapienza”,  Roma,  Italy, 

(2)  Department  of  Physics,  Andhra  University,  Visakhapatnam-530003,  India. 
pcastraCg24ux . sci . uniromal . it 

The  diurnal  evolution  of  urban  boundary  layer  over  the  central  area  of  Rome 
was  observed  by  the  simultaneous  and  co-located  operation  of  a  Doppler  sodar 
and  a  microwave  ratiometer.  The  Doppler  sodar  was  configured  to  provide  a 
wind  profile  up  to  about  900  m  for  every  6  s  with  a  height  resolution  of  27 
m,  and  a  time-height  picture  of  the  thermal  structure  of  the  urban  boundary 
layer.  The  radiometer  provided  a  temperature  profile  up  to  600  m  for  every  120 
s  with  a  height  resolution  of  50  m.  The  experiment  was  conducted  for  a  period 
of  30  days  in  the  years  1996  and  1997.  Although  the  daytime  urban  boundary 
layer  was  mostly  characterized  by  the  development  of  thermal  plume  structures 
up  to  a  height  of  about  700  m,  the  nocturnal  urban  boundary  layer  showed  a 
variety  of  features  including  the  occurrence  of  Kelvin-Helmholtz  waves,  solitary- 
type  waves,  multiple-layers,  etc.  The  occurrence  of  surface-based  inversions  was 
found  to  be  rare.  The  height  of  the  urban  boundary  laye!  r  during  night-time 
was  around  300  m  and  was  near-adiabatic  to  isothermal  in  character.  Some 
typical  case  studies  are  discussed. 


A  STUDY  OF  LAGRANGIAN  TRANSPORT  IN  A  WIND 
DRIVEN,  3-LAYER,  EDDY-RESOLVING  GENERAL  CIRCULA¬ 
TION  MODEL  USING  DYNAMICAL  SYSTEMS  THEORY 

C.  Coulliette  (1),  S.  Wiggins  (1),  S.  Wiggins  (1)  and  K.  Ide  (2) 

(1)  Control  and  Dynamical  Systems  107-81,  California  Institute  of  Technol¬ 
ogy)  Pasadena  CA  91125  USA,  (2)  Department  of  Atmospheric  Sciences  and 
Institute  of  Geophysics  and  Planetary  Physics,  University  of  California,  Los 
Angeles,  Los  Angeles,  CA  90095-1565. 
wigginsCcds .  caltech .  edu/Fax:  626-796-8914 

We  study  the  flow  obtained  from  a  3-layer,  eddy-resolving  general  circulation 
model  subject  to  an  applied  wind  stress  curl.  For  this  model  we  will  consider 
transport  between  the  northern  and  southern  *  gyres”  separated  by  a  jet.  We 
will  focus  on  the  importance  of  invariant  manifolds  in  forming  geometric  struc¬ 
tures  that  govern  transport.  By  ’’govern”,  we  mean  they  can  be  used  to  compute 
Lagrangian  transport  quantities,  both  deterministic  and  statistical.  We  will 
consider  periodic,  quasiperiodic,  and  chaotic  velocity  fields,  and  thus  assess  the 
effectiveness  of  dynamical  systems  techniques  in  flows  with  progressively  more 
spatio-temporal  complexity.  The  significance  of  invariant  manifolds  as  signa¬ 
tures  of  specific  “events”,  such  as  rings  pinching  off  from  a  meansering  jet,  will 
also  be  discussed.  The  relation  of  these  concepts  to  potential  vorticity  dynamics 
be  considered. 

This  research  is  supported  by  the  Office  of  Naval  Research  through  contract 
number  N00014-97- 1-0071. 


A  comparison  of  flight  measurements  from  Summer  ‘97  with 
TOMCAT 

Maurette  Cahill1.  P.H.  Plante  vin1,  K.S.  Law1,  DJE.Shallcross1, 
M.Chipperfield1,  M.  Evans1,  J.A.Pyle1,  C.  Gerbig2,  H.Richei3, 
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In  the  summer  1997  a  large  number  of  aircarft  flights  took  place  over  the  North 
Atlantic  ocean  looking  at  the  transport  of  pollutants  from  continental  regions. 
The  flights  were  for  a  number  of  campaigns  including  the  NERC  ACSOE. 
Measurements  of  important  tropospheric  species  were  made,  including  ozone, 
NOx,  and  carbon  monoxide.  Our  Cambridge  off-line  3-D  tropospheric  model, 
TOMCAT,  was  compared  directly  with  the  measurements  made  along  flight 
tracks.  TOMCAT  has  a  detailed  description  of  tropospheric  chemistry. 
ECMWF  meteorological  analyses  are  used  to  force  the  model  transport,  for  the 
period  June  to  October  1997. 

The  flights  were  made  in  airmasses  of  different  origin  exhibiting  different 
chemical  signatures. 


SENSITIVITY  OF  OZONE  PHOTOCHEMISTRY  IN  A 
POLLUTED  AREA 

C,Honor6  and  R.  Vautard 

Laboratoiie  de  M6t£orologie  Dynamiquc,  Ecole  Normale  Sup&ieure,  Paris, 
France 
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We  study  the  sensitivity  of  ozone  concentrations  in  an  urban  area  to  several 
parameters  using  a  ebemistry-transport  box  model.  First,  the  influence  of 
meteorological  factors  such  as  mean  wind  intensity,  cloudiness  and  mixed- 
layer  height  is  examined.  Then,  various  upstream  emission  rates  of 
nitrogen  oxides  and  hydrocarbons  arc  considered.  Finally,  we  take  into 
account  different  vertical  mixing  processes  -  namely  local  vs  non-local 
processes  -  within  the  urban  boundary-layer  using  the  transilient  theory 
approach.  The  effects  of  these  parameters  are  studied  with  respect  to  the 
mean  chemical  reactivity  as  well  as  the  existence  of  low  and  high  NOx 
photochemical  states  in  the  urban  boundary-layer. 


DISPERSION  THROUGH  LARGE  GROUPS  OF  OBSTACLES 
O.  Isnard  and  R.J.  Perkins 
LMFA/ECL,  Ecully  -  France. 

isnardOmecaflu.cc-lyon.fr/Fax:  [+33]  (0)4-78  33  13  80 

Although  there  have  been  many  studies  of  the  flow  around  isolated  buildings, 
much  less  is  known  about  the  effect  of  groups  of  obstacles  on  the  flow  and 
dispersion  in  the  atmospheric  boundary  layer.  For  many  practical  calculations 
it  is  not  feasible  to  represent  all  the  obstacles  individually,  and  in  such  cases  it  is 
necessary  to  model  the  collective  effects  of  the  obstacles.  The  aim  of  this  study 
is  to  investigate  the  influence  of  the  topology  of  the  flow  -  the  convergence 
and  divergence  of  the  streamlines  of  the  mean  flow  -  on  the  dispersion  of  a 
passive  scalar.  We  consider  here  a  two-dimensional  flow  containing  solid  squares 
organized  into  different  regular  configurations  (aligned,  staggered).  The  mean 
flow  through  the  group  of  obstacles  is  computed  using  a  potential  flow  model, 
based  on  the  ‘Vortex  Panel’  method.  The  turbulent  dispersion  of  a  passive 
scalar  from  a  point  source  is  computed  by  coupling  the  mean  flow  model  with  a 
stochastic  ‘Random  Flight’  model.  We  investigate  the  influence  of  obstacle  size 
by  varying  H  whilst  keeping  the  porosity  constant.  In  this  case  the  obstacle  size 
determines  the  spacing  between  the  obstacles.  It  should  also  have  an  influence 
on  the  length  scale  of  turbulence,  since  it  can  be  expected  that  the  obstacles  will 
block  motions  at  scales  larger  than  themselves.  The  results  provide  parametric 
scalings  for  the  effects  of  configuration  and  obstacle  size  on  the  behaviour  of  a 
plume  of  pollutant 


STRATOSPHERIC  OZONE,  NITROGEN  DIOXIDE  and 
TEMPERATURE  MEASUREMENTS  at  (44N,  I1E)  DURING  1996-’97 
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The  future  trend  of  stratospheric  ozone  at  mid  and  low  latitudes  is  subject  of 
increasing  scientific  interest  It  is  a  subsequent  of  the  need  to  clarify  better  the  ozone 
loses  caused  by  the  local  processes  from  the  loses  invoked  by  horizontal  or  vertical 
transport  or  from  other  factors  contributing  to  ozone  depletion. 

The  present  paper  deals  with  ground-base  measurements  of  stratospheric  ozone, 
nitrogen  dioxide  and  temperature  profile  carried  out  during  two  years  period.  The 
stratospheric  ozone  and  temperature  data  are  collected  by  means  of  ECC  and 
temperature  sensors  mounted  on  sondes,  launched  regularly  at 
St.P.Capofiume(44.65N,  I1.5N  )  WMO  #297station.  The  lidar  measurements  at 
Brasimone  (44.18N,  10.7E)  supply  upper  stratosphere  and  low  mesosphere 
temperature  data.  N02  data  are  provided  from  DOAS  measurements  in  407-r460nm 
spectral  interval,  carried  out  in  Bologna  (44.5N,  U.28E)  and  MtCimone  (44  2N 
10.5E) 

The  obtained  experimental  data  are  analysed  and  compared  to  satellite  data  and 
models  predictions  to  look  for  transport  and  dynamic  influence  upon  seasonal  ozone 
variations. 
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ATMOSPHERIC  OZONE  LINE  OBSERVATIONS  IN  A  FRE¬ 
QUENCY  RANGE  OF  90-110  GHZ. 


A.G.Kislyakov,  D.V.Savel’ev  and  E.I.Shkelev 

State  University,  23  Gagarin  Ave,  Nizhny  Novgorod,  603600  Russia. 

The  results  of  ozone  line  observations  conducted  at  Nizhny  Novgorod  (Russia) 
during  1996-97  are  presented.  3mra  spectral  line  radiometer  has  been  employed 
with  the  frequency  resolution  of  2  MHz  and  system  noise  temperature  of  1200  K. 
4  ozone  lines  were  observed  with  the  resonant  frequencies  of  96228,  101736, 
103878  and  110836  GHz  as  the  most  intensive  lines  in  operating  waveband. 
Two  first  lines  are  observed  systematically  since  February,  1996,  till  present 
time  The  main  objective  of  this  project  is  to  obtain  the  reciprocal  intensities  of 
ozone  lines  belonging  to  different  transitions.  Such  measurements  are  supposed 
to  be  informative  on  the  energy  levels  distribution  of  ozone  molecules.  In  turn, 
this  is  important  for  an  adequate  estimation  of  ozone  integral  content  and 
density  profile.  Average  measured  value  of  101736/96228  line  intensities  ratio 
equals  to  2. 11  ±0.38  in  comparison  with  its  theoretical  value  of  1.8  (under  LTR 
conditions).  Two  other  ratios  are  0.55±0.15  (103878  line)  and  2.16±0.8  (110836 
Une)  as  regards  to  the  same  96228  GHz  line.  Corresponding  theoretical  ratios 
are  0  6  and  2.5.  Under  observations,  a  significant  deviation  in  ratios  from  their 
mean  values  were  revealed  presumably  due  to  changes  in  physical  conditions  of 
atmosphere. 


ENSURING  ECOLOGICAL  SAFETY  OF  MOTOR  TRANSPORT  IN  URBAN 
OF  CONDITIONS. 

T.S.  Kozhanov,  M.  Kazimov,  S.  Bekbosinov 

Kazak  State  Agrarian  University,  Almaty  480100,  av.  Abai  8. 


Analysis  of  ecosystems  condition  is  conducting:  "Human  being  +  car  +  environment 
of  a  city  as  operating  environment  of  motor  transport  Adaptation  of  operation  and 
system  parameters  of  a  fuel  supply  system  of  engines  of  modem  cars  to  die  concrete 
condition  of  their  operating  are  determined.  Structure  analysis  of  mathematical  model 
was  made.  Foundation  of  schemes  and  parameters  of  pollution  indicator  of  air  filters 
of  engine  fuel  supply  system  are  given.  Specified  technical  actions  on  raising  of 
ecological  safety  of  modem  cars  in  conditions  of  city. 


STRATOSPHERIC  OZONE,  NITROGEN  DIOXIDE  and 
TEMPERATURE  MEASUREMENTS  at  (44N,  HE)  DURING  1996-*97 

LKostadinov"*  ,G.Giovanellib,  F.Ravegnanib,  F.Evangelistib,  P.Agostinie, 

V.Cuzzola',  P.Bonasonib 

‘STIL-  Bulgarian  Academy  of  Science,  Base  Observatory.,  6000  StaraZagora, 
Bulgaria,  E-mail:  ivan@o3.fisbaLbo.cnr.it 
bFISBAT-CNR,  Via  Gobetti,101, 40129,  Bologna,  Italy, 
eENEA  C.R.  Brasimone,  40032  Camugnano  (BO),  Italy,  E-mail: 

agostini@netbra.brasimone.enea.it 

The  future  trend  of  stratospheric  ozone  at  mid  and  low  latitudes  is  subject  of 
increasing  scientific  interest  It  is  a  subsequent  of  the  need  to  clarify  better  the  ozone 
loses  caused  by  the  local  processes  from  the  loses  invoked  by  horizontal  or  vertical 
transport  or  from  other  factors  contributing  to  ozone  depletion. 

The  present  paper  deals  with  ground-base  measurements  of  stratospheric  ozone, 
nitrogen  dioxide  and  temperature  profile  carried  out  during  two  years  period.  The 
stratospheric  ozone  and  temperature  data  are  collected  by  means  of  ECC  and 
temperature  sensors  mounted  on  sondes,  launched  regularly  at 
StP.Capofiume(44.65N,  11. 5N  )  WMO  #297station.  The  lidar  measurements  at 
Brasimone  (44.18N,  10.7E)  supply  upper  stratosphere  and  low  mesosphere 
temperature  data.  N02  data  are  provided  from  DOAS  measurements  in  407+4 60nm 
spectral  interval,  carried  out  in  Bologna  (44.5N,  11.28E)  and  MtCimone  (44.2N, 
10.5E) 

The  obtained  experimental  data  are  analysed  and  compared  to  satellite  data  and 
models  predictions  to  look  for  transport  and  dynamic  influence  upon  seasonal  ozone 
variations. 


On  the  importance  of  horizontal  resolution  and  mixing  in 
the  modeling  of  the  impact  of  aircraft  emissions 
J.-F.  Lamarque  and  P.G.  Hess  (National  Center  for  Atmospheric 
Research,  P.O.  Box  3000,  Boulder, CO  80307-3000,  U.S.A) 

Mixing  in  the  atmosphere  is  critical  for  the  chemical  evolution  of 
the  air  contained  in  a  plume.  In  particular,  if  the  mixing  is  much 
faster  .than  the  timescale  associated  with  chemistry,  then  it  can  be 
expected  that  the  chemical  state  of  the  atmosphere  will  rapidly  be 
equivalent  whether  the  emissions  were  initially  confined  to  a  plume 
or  instantaneously  diluted.  This  dilution  is  implicitly  related  to 
the  resolution  at  which  the  emissions  are  distributed  in  a  model. 
Using  a  two  dimensional  chemistry/transport  model,  the  problem 
of  emissions  mixing  is  studied  in  application  to  aircraft  emissions. 
The  modeled  impact  of  aircraft  emissions  is  shown  to  be  dependent 
on  the  horizontal  resolution  at  which  the  emissions  are  input  into  a 
model.  Over  the  scales  and  for  the  conditions  studied,  the  artificial 
dilution  of  the  emissions  due  to  their  inadequate  representation 
in  coarse  resolution  models  enables  a  more  efficient  reaction  from 

NO*  (=  NO  +  N02)  to  HNO*  (=  HN02  +  HN03  +  HN04). 


TELLURIC  LINE  OF  N.*0  AS  AN  INDICATOR  OF  ATMO¬ 
SPHERIC  TRANSPORT 

A.G.Kislyakov  (1),  D.V.Savel’ev  (1),  E.I.Shkelev  (1),  I.V.Lapkin  (2), 
V.F.Vdovin  (2)  and  V.L.Vaks  (3) 

(1)  State  University,  23  Gagarin  Ave,  Nizhny  Novgorod,  603600  Russia,  (2)  Ap¬ 
plied  Physics  Institute,  46  UPanov  str.,  GSP-120  Nizhny  Novgorod,  603000 
Russia,  (3)  Institute  for  Micro  Physics,  GSP-105  Nizhny  Novgorod,  603600 
Russia. 

Nitrous  oxide  rotational  lines  were  calculated  using  modern  in  situ  data  on 
its  vertical  distribution  in  Earth’s  atmosphere.  These  lines  width  and  inten¬ 
sity  subject  to  variations  due  to  changes  in  N20  density  profile.  In  equatorial 
atmosphere,  the  mean  value  of  line  width  equals  to  -0.6  GHz  insreasing  up 
to  -0.9  GHz  at  moderate  latitudes.  This  is  a  sequence  of  stratosphere  be¬ 
ing  more  rich  of  nitrous  oxide  in  equatorial  zone  than  at  moderate  latitudes 
owing  to  correspondent  difference  in  convection.  It  implyes  the  N20  line  pos¬ 
sible  variations  even  at  moderate  latitudes,  if  the  atmospheric  transport  has 
changed.  This  conclusion  is  supported  with  the  results  of  N20  line  observations 
conducted  at  Nizhny  Novgorod  (Russia)  during  March-May  of  1997.  A  3-mm 
spectral  radiometer  was  employed  with  the  system  temperature  as  high  as  1200 
K.  The  spectra  were  taken  with  2  MHz  resolution  using  the  30-channel  filter 
spectrometer.  Nitrous  oxide  rotational  line  (J=3— »4  transition  corresponding 
to  the  resonant  frequency  of  -100,5  GHz)  shows  variations  in  its  optical  depth 
decrement  measured  at  the  frequency  shift  of  25  MHz  from  the  resonance.  Dur¬ 
ing  the  observations,  the  decrement  has  increased  by  3-5  times  thus  implying 
the  significant  redistribution  of  N20  in  a  height  region  of  20—55  km. 


THE  SWISS  EPFL  LIDAR  IN  THE  EU  WINTEX  PILOT  STUDY. 

G.  Larchevftque,  V.  Simeonov,  H.  van  den  Bergh  and  B.  Calpini 
EPFL,  DGR  -  LPAS,  CH  - 1050  Lausanne,  Switzerland. 
bertrand.calpini  @  epfl.ch/Fax :  ++41  21  693.5145 

The  contribution  of  particulate  matters  as  Mie  scatters  on  LiDAR  measurements  is 
know  to  be  an  efficient  tracer  for  the  planetary  boundary  layer  (PBL)  height  and 
development  in  polluted  regions.  A  similar  approach  was  proposed  for  the  WINTEX 
study  in  March  97  at  Marsta,  Sweden,  but  for  very  clean  boreal  air  conditions.  In 
case  of  clouds  covering  at  the  height  of  the  inversion  layer,  this  aerosol  UDAR, 
operated  at  532nm  (total  backscattered)  and  355nm  (polarized),  could  follow  and 
retrieve  this  height,  while  in  clear  sky  conditions,  this  PBL  height  tends  to  be  more 
difficult  to  detect.  Different  meteo  conditions  will  be  presented,  in  particular  the 
increase  of  the  mixing  height  in  the  early  afternoon  due  to  the  solar  warming  up  of 
the  ground. 
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AEROSOL  STUDIES  OVER  NORTH  ATLANTIC 

V.  N.  Lukashin  (1),  A.B.  Isaeva  (1),  V.V.Serova  (1),  V.YU.  Gordeev  (1)  and 
R.  Stein  (2)  V  ' 

(1)  P.  P.  Shirshov  Institute  of  Oceanology,  Moscow,  (2)  Alfred- Wegener- 
Institute  fur  Polar-  und  Meeresforschung. 

Concentration  and  composition  of  aerosols  in  the  North  Atlantic  were  stud¬ 
ied.  There  are  data  on  particle  sizes,  contents  of  C,  N,  P,  Si  and  Al,  results 
of  REM-EDAX  analysis.  It  is  showed  that  lithogenic  component  contents  de¬ 
crease  and  organic  increase  when  going  off  the  continents.  Comparing  of  mineral 
component  fluxes  from  atmosphere  to  the  sea  surface  with  rate  of  sediment  ac¬ 
cumulations  ("absolute  masses”)  on  the  floor  evidences  about  important  of  the 
aerosols  for  the  ocean  sedimentation. 


LIGNIN  AND  PHENOLS  IN  AEROSOLS  OVER  CENTRAL  AT¬ 
LANTIC 

V.  I.  Peresypkin  and  V.  N.  Lukashin 

P.  P.  Shirshov  Institute  of  Oceanology,  Moscow. 

It  was  researched  distribution  and  composition  of  the  lignin  and  phenols  over 
the  Central  Atlantic  on  cross-  section  (15  N).  Content  of  the  identified  phenols 
varies  from  35.6  to  588  mkg/g  in  air-dried  matter  (2.06-8.09  percents  from 
organic  carbon).  Calculated  content  of  lignin  in  the  samples  is  from  83.5  to 
3645  mkg/g  (16.7-51.9  percents  from  organic  carbon).  Prevalence  of  the  p- 
hydroxyl  structures  above  the  vanillin  and  syring  ones  is  observed  in  all  samples 
excluding  the  sample  collected  near  Cape  Verde  Islands.  That  relation  indicates 
on  transportation  by  the  air  masses  of  large  quantity  of  the  plant  sporopollenin 
in  which  p-hydroxyl  structures  are  dominated.  Vanillyl  and  syringyl  structures 
are  in  the  particles  of  the  higher  plant.  All  noticed  components  fall  on  the 
sea  surface  and  through  water  column  to  the  bottom  sediments,  where  are 
preserved  for  a  long  time. 


COUPLING  BETWEEN  CHEMISTRY  AND  MIXING 
IN  A  SIMPLE  REACTION  DIFFUSION  SYSTEM 


ALIPHATIC  HYDROCARBONS  IN  AEROSOLS  OVER  CEN¬ 
TRAL  ATLANTIC 


D.  McKenna 

Institut  fur  Stratospharische  Chemie  (ICG-1), 

Forschungszentrum  Julich,  Germany 
d.rackenna@fz-juelich.de/Fax:  +49-2461-615346 

For  many  years  the  environmental  concentration  of  OH  has  been  estimated 
from  the  differential  change  in  concentrations  of  hydrocarbons  of  differing  activ¬ 
ity.  The  normal  approach  is  based  on  the  simplifying  assumption  that  chemical 
and  transport  processes  are  seperated.  However  consideration  of  the  continuity 
equation  for  a  reactive  species  with  source  and  sink  terms  leads  to  the  conclu¬ 
sion  that  this  simplifying  assumption  is  not  generally  valid.  In  this  paper  new 
analytic  solutions  to  some  steady  state  diffusion  equations  will  be  presented 
and  it  will  be  shown  that  the  seperability  assumption  of  the  observational  OH 
studies  is  valid  for  all  practical  purposes.  The  concept  of  a  coupling  constant 
that  is  a  simple  function  of  the  equation  constants  will  be  introduced.  Finally 
it  will  be  shown  that  when  values  of  the  coupling  constant  more  appropriate 
to  large  scale  numerical  models  are  employed  the  likelyhood  of  interactions 
between  chemical  and  mixing  processes  is  much  more  likely. 


V.  I.  Peresypkin  and  V.  N.  Lukashin 

P.  P.  Shirshov  Institute  of  Oceanology,  Moscow. 

It  was  studied  distribution  and  composition  of  the  alkane-naphtene  fraction  of 
the  organic  matter  in  aerosol  samples  collected  on  cross-section  from  the  Mid- 
Atlantic  Ridge  (15  N)  to  Dakar.  Contents  of  the  organic  carbon  vary  from  0-84 
to  4.45  percents  (dry  matter),  the  hydrocarbons  -  from  91.0  to  1079  mkg/g, 
the  n-alkanes  -  from  11.69  to  32.02  percents  (from  hydrocarbon  content).  Max- 
imums  of  C25  ,  C27,  C29,  C31,  C35  and  C39  indicating  on  presence  of  higher- 
plant  wax  dominate  in  distribution  of  the  biomarkers-n-alkanes.  Ratios  Pr/Ph 
vary  from  0.87  to  4.17,  C10-C  22/C  22-C  40  -  from  0.04  to  0.26,  CPI  -  from  2.32 
to  6.29.  Thus,  the  continents  are  source  of  the  terrigenous  lipids  transported 
into  central  areas  of  North  Atlantic  by  trade  winds. 


GREENHOUSE  GASES  IN  THE  LMD-Z  GENERAL  CIRCULA¬ 
TION  MODEL 

P.  Mercier  (Service  d’Aeronomie,  B102,  Univ.  Paris  6,  4,  place  Jussieu,  75252 
Paris  cedex  05,  France) 

F.  Hourdin  (Laboratoire  de  Meteorologie  Dynamique,  B99,  Univ.  Paris  6,  4, 
place  Jussieu,  75252  Paris  Cedex  05,  France) 

O.  Boucher  (Laboratoire  d’Optique  Atmospherique,  UFR  de  Physique,  Bat  P5, 
Universite  de  Lille  I,  59655  Vilieneuve  d’Ascq  Cedex,  France) 

M.  Pham,  D.  Hauglustaine,  C.  Granier  (Service  d’Aeronomie,  B102,  Univ.  Paris 
6,  4,  place  Jussieu,  75252  Paris  cedex  05,  France) 

In  order  to  investigate  the  climate  effect  of  greenhouse  gases  in  an  interactive 
way,  greenhouse  gases  have  been  introduced  in  the  new  version  of  the  general 
circulation  model  LMD-Z  developed  by  the  Laboratoire  de  Meteorologie  Dy¬ 
namique  (LMD). 

This  preliminary  study  presents  the  distributions  of  CH4,  N20,  CFCll  and 
CFC12  as  simulated  by  LMD-Z. 

Surface  emissions  map  for  these  gases  are  provided  by  the  up-dated  emissions 
inventories  of  GEIA  and  EDGAR. 

In  this  version,  chemical  and  photochemical  sinks  of  the  concerned  species  are 
calculated  off-line  with  the  IMAGES  (Intermediate  Model  for  the  Annual  and 
Global  Evolution  of  Species)  OH  distributions  and  the  photodissociation  tables 
obtained  with  the  model  MOZART  (Model  of  OZone  And  Related  chemical 
Tracers).  Wet  and  dry  deposition  are  also  taken  into  account. 


SIMULATION  OF  TRACE-GAS  DISTRIBUTIONS  WITH  THE  UIUC  3-D 
ATMOSPHERIC  CHEMICAL-TRANSPORT  MODEL  AND  COMPARISON  OF 
SOURCE  GAS  DISTRIBUTIONS  WITH  OBSERVATIONS 

E.  Rozanov.  V.  Zubov,  M.  Schlesinger,  F.  Yang  and  N.  Andronova 
University  of  Illinois  at  Urbana-Champaign,  Urbana,  Illinois  61801,  USA 
rozanov@atmos.uiuc.edu 

The  study  of  the  interaction  between  climate  and  chemistry  requires  the  development  of 
fast  and  accurate  submodels  that  describe  photochemical  processes  and  gas  transport  in 
the  atmosphere.  Due  to  computer  time  constraints,  a  number  of  parameterizations  have  to 
be  used  in  such  submodels.  Accordingly,  a  detailed  validation  of  the  chemical  and 
transport  routines  should  be  carried  out.  One  of  the  best  ways  of  validation  is  to  compare 
the  simulated  gas  species  distributions  with  satellite  climatological  datasets.  Here  we 
present  the  3-D  UIUC  Atmospheric  Chemical  Transport  model.  The  model  consists  of 
three  submodels:  (1)  A  hybrid  transport  routine,  (2)  a  photochemical  routine,  and  (3) 
circulation  fields  generated  by  the  our  3-D  2+layer  AGCM.  The  results  of  an  8-year 
steady-state  model  run  are  analyzed  and  the  distributions  of  the  long-lived  species  are 
compared  with  appropriate  HALOE  and  CLAES  datasets.  The  simulated  monthly  zonal- 
mean  mixing  ratios  of  long-lived  species  are  in  reasonable  agreement  with  observational 
data.  The  correlation  between  the  simulated  and  observed  distributions  of  long-lived 
species  and  the  tracer-to  tracer  correlation  show  the  very  good  overall  performance  of  the 
model. 
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Investigation  of  high  pollution  episodes  in  background  regions 

Sergey  V.  Chereshnuk  (Moscow  State  Univercity,  Lenin  hills, 
Moscow, 

Russia) 

The  idea  of  this  study  was  to  investigate  high  pollution  episodes  in 
background  regions  for  most  anthropogenic  substances  Pb,  Hg,  Cd 
and  benz(a)piren.  The  study  was  performed  for  Borovoe  (North 
Kazahstan)  and  Lesnoe  (Russia)  stations. 

In  the  work  statistics  was  calculated,  and  back  trajectory  was  selected 
which  meets  high  concentrations. 

As  a  result  a  relationship  between  concentrations  at  observation  site 
and  spatial  source  distribution  was  found,  and  environmental 
conditions  in  two  background  regions  was  compared. 


THE  ROLE  OF  REGIONAL  TRANSPORT  IN  URBAN  PHOTO¬ 
CHEMISTRY 
R.  Vautard  and  M.  Beekmann 

Laboratoire  de  Meteorologie  Dynaraique,  Ecole  Normale  Superieure,  Paris, 
France. 

vautardQlmd . ens.fr 

The  influence  of  long-distance  transport  of  ozone  and  its  precursors  from  remote 
areas  on  the  photochemical  smog  formation  is  examined  in  different  respects. 
First  we  demonstrate  that  it  is  a  dominant  effect  in  the  Paris  area,  which  allows 
one  to  doubt  about  the  impacts  of  local  traffic  restrictions  during  these  episodes. 
Second  we  examine  in  a  more  general  manner  the  modifications  of  the  local 
chemical  regimes  induced  by  this  long-distance  transport  and  show  that  nox- 
sensitive  photochemical  production  can  happen  in  certain  circumstances  even 
over  a  large  city.  We  also  examine  the  predictability  of  the  ozone  concentrations 
according  to  the  previous  considerations. 


MODELLING  THE  TURBULENT  DISPERSION  OF 
POLLUTANTS  IN  CITY  STREETS 

L.  Soulhac  and  R.J.  Perkins 
LMFA/ECL,  Ecully  -  France. 

soulhactoecaJlu.ec-lyon.fr/Fax:  [+33]  (0)4  78  33  13  80 
We  need  to  be  able  to  compute  the  concentration  of  atmospheric  pollutants 
in  city  streets  so  that  we  can  estimate  the  impact  of  such  pollution  on  the 
inhabitants,  so  that  we  can  interpret  the  point  measurements  provided  by  static 
pollution  monitors  and  so  that  we  can  estimate  the  flux  of  pollutants  emitted  by 
the  urban  environment  into  the  external  atmospheric  boundary  layer.  In  many 
practical  cases  it  is  possible  to  idealise  a  large  street  as  a  long,  quasi-2D  cavity 
bounded  by  relatively  large  buildings.  The  flow  within  the  cavity  is  then  driven 
principally  by  the  wind  blowing  over  the  top  of  the  cavity,  and  consists  of  one 
or  more  eddies  (depending  on  the  aspect  ratio  of  the  cavity)  trapped  within 
the  cavity.  This  type  of  representation  is  known  as  a  ‘street  canyon*  model. 
We  have  developed  a  new  street  canyon  model  which  is  intermediate  between 
large  CFD  codes  and  empirical  expressions  for  the  concentration  of  pollutants. 
The  basic  principle  of  the  model  is  that  the  flow  inside  the  cavity  is  computed 
using  a  combination  of  potential  flow  and  fixed,  point  vortices.  The  transport 
and  dispersion  of  material  within  the  cavity  is  modelled  by  the  advection- 
diffusion  equation,  solved  by  using  a  conformal  transformation  to  map  the 
physical  domain  onto  the  plane,  where  we  can  use  standard  solutions  of 
the  equation.  This  model  gives  very  good  agreement  with  experimental  results 
for  the  concentration  field  in  the  cavity. 


PLANETARY  AND  SOLAR  SYSTEM  SCIENCES  (PS) 

PS1  Planetary  interiors 

Convener:  Lognonne,  P. 

Co-Convener:  Gudkova,  T.V. 


THE  MAGNETIC  FIELD  OF  MARS:  INITIAL  RESULTS  FROM  THE 
MARS  GLOBAL  SURVEYOR  MAGNETIC  HELDS  INVESTIGATION 

M.  H.  Acuna  (1),  J.  E.  P.  Connemey  (1),  P.  Wasilewski  (1),  H.  RI>me  (2),  C. 
Mazelle  (2),  J.  Sauvaud  (2),  C.  d'Uston  (2),  R.  Lin  (3),  K.  Anderson  (3),  C.  Carlson 
(3),  J.  McFadden  (3),  D.  Curtis  (3),  D.  Mitchell  (3),  P.  Cloutier  (4),  M.  Mayhew 
(5),  N.  F.  Ness  (6),  S.  J.  Bauer  (7) 

(i)NASA-GSFC,  (2)CESR  Toulouse,  (3)SSL  Berkeley,  (4)Rice  Univ.,  (5) 
NSF,  (6)Bartol  Res.  Inst,  (7)Graz/SRI 

The  US  spacecraft  Mars  Global  Surveyor  was  placed  in  an  elliptical  orbit  around 
Mars  on  September  1 1,  1997.  This  temporary  orbit  was  designed  with  very  low 
periapsis  altitude  transits  to  carry  out  aerobraking  maneuvers  using  the  spacecraft 
solar  panels  with  the  purpose  of  reducing  its  velocity  and  achieving  a  2  PM 
circular  orbit  at  350  Km  altitude  for  global  mapping  purposes.  During  this  initial 
phase  the  Magnetic  Fields  Investigation  has  acquired  data  close  to  the  Mars 
surface  establishing  unambiguously  the  presence  of  a  substantial  magnetic  field  of 
crustal  origin.  Combined  measurements  of  magnetic  fields  and  electron  distribution 
functions*along  the  orbit  have.shown  that  Mars  occupies  a  unique  place  among  the 
planets  in  the  Solar  System.  An  anomaly  with  the  deployment  of  a  solar  panel  has 
required  that  the  mission  be  replanned  including  a  much  more  extended 
aerobraking  period  which  will  yield  over  one  thousand  additional  low  altitude 
passes.  This  paper  will  present  a  summary  of  the  results  obtained  to  date  by  the 
Magnetic  Fields  Investigation  and  their  relevance  for  understanding  the  solar  wind 
interaction,  interior,  crust  and  thermal  evolution  of  Mars. 
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THE  STRUCTURE  OF  IRON  AT  VERY  HIGH  P  AND  T 

D,  Andrault  \  G.  Fiquet 2  and  M.  Kunz  3 

1  IPG-Paris,  France;  andrault@ipgp.jussieu.fr 

2  ENS-Lyon,  France;  gfiquet@geologie.ens-lyon.fr 

3  ESRF-Grenoble,  France;  kunz@kristall.erdw.ethz.ch 

We  investigated  the  structure  of  iron  up  to  2500  K  between  30  and 
100  GPa  in  a  YAG  laser-heated  diamond-anvil  cell  using  in-situ  angle 
dispersive  X-ray  diffraction  (beamline  ID30  of  the  European 
Synchrotron  Radiation  Facility,  Grenoble,  France).  Our  results 
confirm  that  iron  undergoes  a  phase  transformation  for  pressures 
above  35  GPa  and  at  high  temperature.  The  new  iron  lattice  was 
determined  to  be  orthorhombic  with  space  group  Pbcm.  The  atomic 
topology  is  close  to  that  of  hep  iron. 

Interestingly,  we  observed  significant  deviations  of  the  iron 
orthorhombic  lattice  from  the  simple  Pbcm  symmetry.  Unexpected 
features  like  additional  Bragg-lines  or  lack  of  particular  dhkl  peaks, 
are  often  found  on  the  diffraction  patterns.  These  are  easily  explained 
and  point  out  a  strong  flexibility  of  iron  in  these  extreme  conditions. 
This  effect  probably  affects  the  physical  properties  of  iron  in  deep 
Earth.  It  also  explain  ambiguities  in  previously-reported  structure 
determinations. 


CONSEQUENCES  OF  DIFFERENT  VISCOSITY  LAWS  ON  | 
MODELS  OF  PLANETARY  MANTLE  CONVECTION 

V.  Conzelmann  and  T.  Spohn 

Institut  fur  Planetologie,  Wilhelm-Klemm-Str.  10,  48149  Munster ,  Germany. 
conzelmOuni-muenster.de/Fax:  [49]  251  833  9083 

Using  mantle  convection  models  which  solve  the  equations  of  mass,  energy  and 
momentum  with  either  constant,  radially  temperature  dependent  or  temper¬ 
ature  and  pressure  dependent  viscosity  and  axisymmetric  geometry  we  study 
possible  parameters  for  viscosity  varying  from  relatively  stiff  to  soft  mantle 
material.  These  models  are  applied  to  bodies  with  ratios  of  planetary  radius  to 
core  radius  corresponding  to  Mercury,  Mars  and  Moon.  They  are  small  planets 
as  compared  to  the  Earth  with  low  Rayleigh  numbers  for  the  mantle.  But  the 
radius  ratio  of  the  three  bodies  differs  widely.  Mercury’s  huge  core  heats  the 
mantle  from  below  whereas  the  Moon’s  mantle  is  mostly  heated  by  radioactive 
heat  sources  from  within.  As  for  Mars,  heating  from  below  and  from  within  are 
equally  important.  Temperature  at  the  core-mantle  boundary  is  kept  constant 
and  the  models  describe  the  state  of  these  bodies  after  accretion  and  differ¬ 
entiation  into  core  and  mantle.  The  convection  patterns  differ  significantly  for 
different  viscosity  laws.  Compared  to  constant  viscosity,  convection  velocity 
as  well  as  the  number  of  plumes  decrease  for  radially  temperature  dependent 
viscosity.  In  case  of  additional  pressure  dependence,  convection  vigor  further 
decreases,  although  more  plumes  appear.  In  a  relatively  stiff  mantle  material 
heat  cannot  be  transported  as  effectively  as  in  softer  material.  This  causes  a 
higher  temperature  difference  between  up-  and  downwellings  in  the  former  case. 


EVOLUTION  OF  THE  MAGNETIC  FIELD  OF  MARS 
D.  Breuer  (1),  T.  Spohn  (1)  and  D.  Yuen  (2) 

(1)  Institut  fur  Planetologie,  Munster,  D-48149  Germany,  (2)  MSI,  1200  Wash¬ 
ington  Ave.  S.,  Minneapolis,  MN  55415. 
breuerCuni-muenster.de 

Recent  data  from  the  Mars  Global  Surveyor  Mission  show  a  strong  remnant 
magnetization  of  parts  of  the  crust  but  no  dynamo  field.  This  suggests  a  dy¬ 
namo  field  in  the  early  evolution  of  the  planet  that  later  ceased  to  exist  as 
the  core  became  stably  stratified.  The  transition  of  the  core  from  convective 
to  conductive  depends  on  the  rate  of  heat  transfer  in  the  mantle.  We  have  em¬ 
ployed  two-  and  three-dimensional  convection  models  to  study  the  dynamics 
in  the  Martian  mantle  together  with  the  evolution  of  the  core-mantle  temper¬ 
ature  and  core  heat  transfer.  Assuming  light  elements  in  the  core  as  suggested 
by  the  SNC  meteorites,  temperatures  in  the  core  are  high  enough  to  sustain 
an  entirely  molten  core  during  the  whole  evolution.  Due  to  the  lack  of  inner 
core  growth  compositional  convection  which  is  very  effective  for  the  generation 
of  a  magnetic  field  did  most  likely  not  occur.  Therefore,  the  early  dynamo  is 
likely  to  have  been  powered  by  thermal  convection  only.  We  will  discuss  the 
influence  of  the  mantle  phase  transitions  on  the  core-mantle  heat  transport  and 
a  possible  magnetic  field  evolution.  In  particular  the  disappearance  of  an  early 
perovskite  layer  near  the  core  mantle  boundary  has  been  examined. 


A  POSSIBLE  INTERNAL 
STRUCTURE  OF  EUROPA 


A.  de  Morais  (IF  -  USP  University,  Brasil) 
Email:  macca@cbpfsul.cat.cbpf.br 


The  Near-Infrared  Mapping  Spectrometer  (NIMS)  of  the  NASA’s  Jet  Propul¬ 
sion  Laboratory’s  Galileo  spacecraft,  is  being  used  to  study  the  atmospheric 
and  surface  composition  of  Jupiter  and  its  satellites,  as  Galileo  orbits  that 
planet. 

Here  in  this  paper  I  propose  a  model  for  Europa’s  interior  based  on  the  density 
of  Europa  (3.0  g/cm3)  and  recent  Galileo  data: 

the  ice  crust  probably  shows  part  of  the  history  of  the  internal  dynamics  when 
warm  liquid  water  upward  plumes  reached  its  bottom  leaving  minerals  de¬ 
posits  through  spots  and  Iineas  at  variated  profoundnesses  within  the  icy  crust. 
Comets  and  asteroids’  fragments,  gravitationally  attracted  by  Jupiter,  were  de¬ 
viated  into  its  Galilean  satellites  system,  since  its  formation,  impacting  onto 
Callisto,  Ganymede,  Europa  and  Io;  and  those  impacts  onto  Europa  added 
great  quantitites  of  carbon  compounds-rich  material  to  its  sub-surface  liquid 


LUNAR  STRUCTURE  AND  CLEMENTINE  DATA  :  TEST  OF  A 
TECTONIC  INVERSION  SCHEME 

F.  Chambat  (1)  and  B.  Valette  (2) 

(1)  Laboratoire  des  Sciences  de  la  Terre,  ENS-Lyon,  46  Allee  d’ltalie,  69364 
LYON  Cedex  07,  France,  (2)  Laboratoire  de  Sismologie,  IPGP,  4  place  Jussieu, 
75252  Paris  Cedex  05,  France. 
fchambatOens-lyon.fr 

Generalyzing  Clairaut  equation  leads  to  the  expression  of  the  gravity  field, 
topographies  of  interfaces,  and  density  lateral  variations  as  functions  of  the 
stress  tensor  field.  This  is  done  without  any  rheological  law.  If  the  stress  field  is 
supposed  to  have  certain  regularities,  this  leads  to  an  inversion  scheme  of  global 
data  that  relies  on  the  determination  of  the  state  of  stress.  We  will  show  the 
results  of  the  corresponding  inversion  of  Clementine  mission  topography  and 
gravity  data,  the  main  one  being  that  lateral  variations  of  density  are  needed, 
in  the  crust  as  well  as  at  the  top  of  the  mantle,  to  explain  the  observed  gravity 
field. 


MARS’  THERMAL  EVOLUTION  WITH  PHASE  TRANSITIONS 
O.  Forni  (I),  D.  Breuer  (2)  and  T.  Spohn  (2) 

(1)  Institut  d’Astrophysique  Spatiale,  Orsav,  F-91405,  France,  (2)  Institut  fiir 
Planetologie,  Munster,  D-48149,  Germany. 

Besides  its  very  known  crustal  dichotomy,  Mars  is  characterized  by  two  more 
or  less  antipodal  huge  volcanic  centres.  The  first  one,  located  in  the  Elysium 
Planitia  region,  exhibits  a  relatively  short  volcanic  history.  On  the  contrary, 
the  second  one,  located  in  the  Tharsis  region,  shows  a  very  long  lived  volcanic 
activity  that  ended  very  late  in  the  Martian  thermal  history.  We  will  present 
models  of  the  Martian  thermal  history  that  could  explain  these  observations. 
For  this  purpose  we  have  solved  the  compressible  equations  of  thermo  convec¬ 
tion  in  2D  axisymmetric  geometry  with  a  time  varying  viscosity.  The  model 
structure  consists  in  a  core  of  1750  km  large  surrounded  by  a  mantle  of  1500 
km  containing  decaying  radioactive  heat  sources.  We  have  done  two  types  of 
simulations  in  order  to  compare  them.  The  first  one  takes  into  account  the 
presence  of  the  high  pressure  phase  transitions  of  the  olivine  to  the  spinel  while 
the  second  one  has  no  phase  transitions  and  represents  reference  models.  The 
main  result  is  that,  in  presence  of  the  phase  transitions,  we  can  identify  three 
stages  in  the  evolution  :  the  first  stage,  at  the  beginning  of  the  evolution,  is 
characterized  by  the  presence  of  two  major  hot  plumes:  the  intermediate  stage 
is  dominated  by  a  unique  plume  and  the  final  stage  shows  no  hot  plumes.  This 
time  dependent  behavior  does  not  appear  in  the  reference  models  that  exhibit 
two  hot  plumes  during  the  entire  evolution. 
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THEORETICAL  SPECTRUM  OF  NEW  JOVIAN  MODELS 

T.V. Gudkova,  V.N.Zharkov  (Institute  of  Earth  Physics,  B.  Gruzinskaya, 
10,  123810  Moscow,  Russia) 

The  oscilation  periods  for  the  new  models  of  Jupiter  (constructed  using 
Galileo  prob  data)  were  calculated  for  degrees  up  to  30  and  for  frequen¬ 
cies  up  to  the  tropospheric  cutoff  frequency.  Both  gravitational  and 
acoustic  modes  were  considered.  The  interior  models  with  different  size 
of  the  core  and  the  position  of  boundary  where  the  transition  of  molec¬ 
ular  hydrogen  into  metallic  state  occurs  were  investigated.  The  mass 
of  the  core  was  varied  from  3  to  10  masses  of  the  Earth.  Three  values 
of  the  transition  pressure  3,  2  and  1.5  Mbar  were  used.  The  models 
had  four  density  discontinuities-  at  the  boundary  between  inner  (IR 
core)  and  outer  core  (IR  core  and  some  part  of  helium),  at  the  outer 
core  boundary,  at  the  boundary  where  the  hydrogen  metallization  takes 
place,  and  at  the  boundary  between  inner  and  outer  molecular  envelopes 
(  due  to  the  variation  of  chemical  composition).  The  upper  planetary 
atmosphere  levels  were  taken  into  account.  The  results  may  be  useful  for 
properly  interpreting  the  future  seismological  observations  of  Jupiter. 


TECTONIC  DICHOTOMY  OP  ALL  COSMIC  BODIES 

G,Kochefi^sov,IGEM,35  Staromonetny,Moscow  109017 

More  or  less  elliptic  orbits (more  pronounced  in 
the  past)have  all  cosmic  bodies.lt  means  they 
have  periodically  changing  cosmic  velocities  & 
trajectory  curvatures.lt  causes  standing  iner¬ 
tia-gravity  waves  warping  planetary  spheres  in 
4  directions ( or tho-&  diagonal)  .Superposition  of 
fundamental  waves (long  2jxR>produces  risen(+), 
antipodal  fallen(-)&  neutral  segments  manifest¬ 
ed  as  continental  (highland,  +)&  oceanic  (lowland, 
-) areas (normally  in  1;2,2:1  ratios)on  surfaces 
of  large  bodies  and  bended  shape  of  asteroids. 
Uneven  inertia  momenta  of  planetary  ,,halves"ca- 
use  body  rolling  or  rotation. So  are  tied  tw o 
universal  properties  of  cosmic  bodies  s dichotomy 
&  rotation. Impact  action  as  a  reason  for  rotat¬ 
ion  was  discarded  by  Alfen&  Arrhenius  (1 971 )  • 
Another  consequence  of  the  wave  tectonics  is 
standing  wave  rapid  phase  change (  +  &  -)  probab¬ 
le  cause  of  magnetic 
inversions .  Prom  left 
to  right : Tit ania, la- 
pet  us,  Mars,  Sun  (in  X- 
rays). 


NEW  CONSTRAINTS  ON  THE  COMPOSITION  OF  JUPITER 
FROM  GALILEO  MEASUREMENTS  AND  INTERIOR  MODELS 

T.  Guillot  (1,2),  D.  Gautier  (3)  and  W.B.  Hubbard  (4) 

(1)  Dept,  of  Meteorology,  University  of  Reading,  PO  Box  243,  Reading  RG6 
6BB,  UK,  (2)  Observatoire  de  la  Cote  d’Azur,  BP  4229,  06304  Nice  Cedex 
04,  France,  (3)  DESPA,  Observatoire  de  Paris,  92195  Meudon  Cedex,  France, 
(4)  LPL,  University  of  Arizona,  Tucson,  AZ  85721,  USA. 
guillotOobs-nice.fr/Fax:  +33-4-92  00  31  21 

Using  the  helium  abundance  measured  by  Galileo  in  the  atmosphere  of  Jupiter 
and  interior  models  reproducing  the  observed  external  gravitational  field,  we 
derive  new  constraints  on  the  composition  and  structure  of  the  planet.  We 
conclude  that,  except  for  helium  which  must  be  more  abundant  in  the  metallic 
interior  than  in  the  molecular  envelope,  Jupiter  could  be  homogeneous  (no 
core)  or  could  have  a  central  dense  core  up  to  12  .  The  mass  fraction  of 

heavy  elements  is  less  than  7.5  times  the  solar  value  in  the  metallic  envelope 
and  between  1  and  7.2  times  solar  in  the  molecular  envelope.  The  total  amount 
of  elements  other  than  hydrogen  and  helium  in  the  planet  is  between  11  and 
45  A/«g . 


MAGNETIC  SIGNATURES  OF  THE  GALILEAN  MOONS 
OF  JUPITER  AND  THEIR  IMPLICATIONS  FOR  INTERIOR 
STRUCTURE. 

M.  G.  Kivelson  and  K.  K.  Khurana 

Institute  of  Geophysics  and  Planetary  Physics,  UCLA,  Los  Angeles,  CA  90095 
USA. 

mkivelsonCigpp.ucla.edu/Fax:  [1]  310  206  8042 

Significant  magnetic  perturbations  were  detected  during  Galileo’s  close  passes 
by  the  large  moons  of  Jupiter.  These  perturbations  give  intriguing  insight  into 
the  structure  and  dynamic  states  of  the  moons.  The  internal  field  of  Ganymede 
is  well-represented  by  a  slightly  tilted  dipole  moment  consistent  with  dynamo 
generation  in  a  deep  core.  The  perturbations  at  Europa  and  Callisto  are  dom¬ 
inated  by  induced  magnetic  fields  that  suggest  the  existence  of  conducting 
near-surface  oceans.  The  signature  at  Io  is  obscured  by  large  magnetic  field 
perturbations  from  currents  flowing  in  the  surrounding  plasma. 


DOES  IO  POSSESS  AN  INTERNAL  MAGNETIC  FIELD? 

K.  K.  Khurana  and  M.  G.  Kivelson 

Institute  of  Geophysics  and  Planetary  Physics,  University  of  California  at  Los 
Angeles,  CA  90095,  U.S.A.. 
kkhuranaCigpp.ucla.edu/Fax:  [1]  310  206  8042 

The  magnetometer  onboard  Galileo  detected  a  large  drop  of  ~  700  nT  in  the 
field  strength  in  a  background  field  of  ~  1800  nT  during  its  flyby  through 
the  plasma  wake  of  Io.  Kivelson  et  al.  [1996a, b]  have  argued  that  an  internal 
field  with  a  surface  strength  of  at  least  ~  1300  nT  (equatorial)  is  required  to 
explain  the  signature.  Frank  et  al.  [1996]  on  the  other  hand  assert  that  the 
signature  is  produced  mainly  by  the  plasma-Io  interaction  currents.  Khurana 
et  al.  [1997]  recently  assessed  the  contributions  to  the  observed  magnetic  field 
from  the  Jovian  magnetospheric  field,  plasma  diamagnetism,  the  Alfven  wing 
current  system  and  an  Io  centered  internal  dipole.  We  will  show  that  after  the 
effects  of  plasma  diamagnetism  and  Alfven  wing  current  have  been  removed 
from  the  observations,  a  depression  of  at  least  400  nT  remains  in  the  reduced 
data.  Thus  an  internal  field  of  the  order  of  ~  1300  nT  (equatorial)  seems  to  be 
required  to  model  the  observed  magnetic  signature. 

We  will  evaluate  the  possibility  of  the  generation  of  internal  magnetic  field  by 
an  MHD  dynamo  and  by  simple  magneto-convection.  We  will  also  discuss  the 
source (s)  of  energy  responsible  for  convection  in  the  interior  of  Io. 


MODELS  OF  A  MARTIAN  REMANENT  MAGNETIC  FIELD 

M.  Leweling  (1)  and  T.  Spohn  (1) 

(1)  Institut  fur  Planetologie,  Munster,  D-48149  Germany. 
lewalinCuni-muenster . de 

In  September  1997,  instruments  onboard  the  Mars  Global  Surveyor  spacecraft 
detected  the  presence  of  a  weak  magnetic  field  around  Mars  within  the  first 
week  of  its  aerobraking  operation.  As  further  observations  revealed,  the  Mar¬ 
tian  magnetic  field  is  not  global,  unlike  the  fields  of  other  terrestrial  planetary 
bodies  such  as  Earth  or  Jupiter’s  satellite  Ganymede.  Mars  does  not  have  an 
active  dynamo,  but  its  surface  is  strewn  with  magnetic  anomalies  generated 
by  sources  in  the  crust.  The  existence  of  these  magnetic  anomalies  shows  that 
Mars  once  had  a  liquid  core  able  to  support  dynamo  activity  during  its  early 
evolution.  We  will  present  theoretical  models  of  the  global  TRM  acquisition 
within  the  Martian  lithosphere,  as  well  as  models  of  the  magnetization  of  lo¬ 
calized  geologic  features,  such  as  the  Tharsis  Region,  and  large  impact  craters, 
such  as  the  Hellas  Basin.  The  cooling  rates  of  the  lithosphere  and  the  initial  dy¬ 
namo  field  are  calculated  from  a  thermal  evolution  model.  In  the  global  models, 
the  calculated  surface  field  strength  seems  to  be  consistent  with  the  presently 
available  data.  Regarding  the  smaller  scale  models  of  localized  geologic  units, 
preliminary  results  from  our  calculations  will  be  discussed.  As  more  data  will  be 
obtained,  we  may  learn  more  about  the  history  of  the  extinct  Martian  dynamo 
and  the  evolution  of  the  lithosphere  and  crust  of  Mars. 
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HOW  MANY  SEISMOLOGICAL  STATIONS  ARE  NEEDED  TO 
ENSURE  BODY  WAVE  DETECTIONS  ON  MARS  ? 

A.  Mocquct 

Laboratoire  de  G6ophysique  ct  Plan&ologie,  University  de  Nantes 
mocquet@  chimie.univ-nantes.fr/Fax:  +33  (0)2-40-37-49-48 

The  presence  of  a  liquid  core  within  Mars  would  involve  the  existence  of  a 
“shadow  zone"  where  P,  S,  PcP,  and  ScS  undiffracted  phases  cannot  be 
recorded.  A  simple  test  is  performed  to  check  what  is  the  chance  of  success  to 
detect  any  event  at  a  number  of  stations,  and  to  record  a  number  of  P,  S,  PcP, 
ScS,  and  PKP  phases,  using  one  thousand  crustal  events  randomly  distributed 
in  latitude,  longitude,  and  between  the  surface  and  150  km  depth.  One  to  four 
stations  are  considered.  The  test  is  performed  for  simple  three-layered  models 
of  Mars.  It  shows  that  4  simultaneously  recording  stations  are  needed  to  ensure 
at  least  one  detection  of  either  P,  S,  PcP  or  ScS  waves  for  any  event,  and  thus 
to  obtain  an  unbiased  estimate  of  the  rate  of  seismicity.  With  4  installed 
stations,  the  probability  to  obtain  P  and  S  wave  detections  at  3  stations 
simultaneously,  and  thus  to  accurately  locate  the  evertts,  is  equal  to  55%.  This 
probability  lowers  to  a  5%  to  30%  range  with  3  installed  stations,  depending 
on  the  distance  between  the  stations.  If  these  latter  are  less  than  60°  apart,  the 
probability  is  minimum.  A  distance  of  130°  between  the  stations  give  the  best 
results.  With  4  installed  stations,  at  least  one  PKP  arrival  is  recorded  for  each 
event  with  a  chance  of  success  equal  to  40%.  This  probability  lowers  to  less 
than  2%  if  2  or  3  stations  are  installed.  The  probability  of  total  failure  (no 
detection  at  all  for  a  given  event)  is  very  small  (less  than  2%),  but  not  equal 
to  zero,  if  3  stations  are  installed. 


IO:  A  MODEL  TO  ACCOUNT  FOR  THE  DISCREPANCY  BE¬ 
TWEEN  HEAT  FLOW  AND  TIDAL  DISSIPATION  RATE. 

T.  Spohn  (1)  and  V.  Steinbach  (2) 

(1)  Institut  fUr  Planetologie,  Munster,  D-48149  Germany,  (2)  Inst,  of  Earth 
ScL,  Utrecht  Univ.,  3508  TA  Utrecht,  The  Netherlands. 
spohnCuni-muenster.de/Fax:  [49]  251  83  36301 

The  heat  flow  from  Io  poses  a  problem  because  it  is  by  about  one  order  of  mag¬ 
nitude  larger  than  estimates  of  the  tidal  dissipation  rate  from  orbital  dynamics. 
We  propose  that  the  currently  observed  heat  flow  exceeds  by  the  same  order  of 
magnitude  the  long  term  average.  The  present  value  may  be  attributed  to  heat 
that  is  stored  locally  in  mantle  hot-spots  caused  by  viscous  dissipation.  We 
show  that  viscous  dissipation  in  mantle  convection  driven  by  tidal  dissipation 
may  cause  strong  localized  maxima  in  thermal 

power  density.  Energy  is  conserved  because  these  hot-spots  concentrate  a  frac¬ 
tion  of  the  total  power  in  a  small  volume.  Numerical  convection  calculations 
including  viscous  dissipation  show  that  the  power  density  may  locally  become 
as  large  as  10”3  Wm”3,  about  200  times  the  average  power  density  associated 
with  tidal  dissipation.  These  hot-spots  use  about  10  %  of  the  tidal  dissipation 
power.  The  energy  may  be  stored  in  lava  for  about  104  years  and  may  be  re¬ 
leased  as  the  lava  extrudes  at  the  surface  in  volcanic  vents.  Recent  observations 
by  Galileo  show  that  most  of  the  vents  have  temperatures  suggesting  silicate 
lava.  The  energy  can  then  be  released  at  an  average  rate  of  a  few  1014  W  in 
about  a  century.  In  our  model,  the  core  would  show  alternate  phases  of  rapid 
heating  and  cooling  and  may  produce  a  magnetic  field  during  the  latter  phases. 


PS2  Evolution  and  state  of  surfaces,  crusts  and 
lithospheres  of  planetary  bodies 

Convener:  Janie,  P. 

Co-Convener:  Basilevsky,  A.T. 


The  Role  Played  by  Pressure-Dependent  Rheology  In  Controlling  Planetary 
Cooling 

Arie  van  den  Berg,  Dept  of  Theoretical  Geophysics,  Utrecht  Univ.,  3508  TA  Utrecht, 
The  Netherlands. 

David  A.  Yuen.  Dept,  of  Geology  and  Geophysics  and  Minnesota  Supercomputer 
Institute,  Univ  Minnesota,  Minneapolis,  MN,  55415-1227,  U.S.A. 

Viscosity  of  planetary  mantles  is  not  only  temperature-dependent  but  very  strongly 
pressure-dependent  as  well.  This  point  is  underscored  by  the  recent  laboratory 
measurements  of  the  activation  volume  for  olivine  by  Karato  and  Rubie  (  1997)  for 
upper-mantle  pressure  conditions.  We  have  investigated  the  effect  of  strong  pressure 
dependece  on  secular  cooling  rates  of  planetary  mantel  under  different  dynamical 
conditions  using  2-D  numerical  convection  models.  For  planetary  mantles  with  a 
stagnant  lid  such  as  on  planet  Mars,  and  activation  volume  values  larger  than  10 
cmA3/mol,  we  find  a  penetrative  convective  style  with  an  immobile  bottom  layer. 
Convective  flow  is  concentrated  in  an  intermediate  depth  level.  We  find  extremely  low 
cooling  rates  for  these  models  with  an  essentially  conductive  bottom  layer  and  a 
thermal  memory  longer  than  the  age  of  the  solar  system.  Primordial  thermal  conditions 
appear  to  be  frozen  in  these  models  without  phase  transitions.  For  the  Earth  where 
plate-tectonics  operate  the  effect  of  pressure  dependence  appears  to  be  smaller  due  to 
a  much  greater  heat  loss  across  the  surface  boundary  layer  and  an  increased  heat 
exchange  with  the  deep  mantle  related  to  strong  hot  upwellings  and  cold  downwellings 


MINERAL  COMPOSITION  AND  SEISMIC  MODEL  OF  THE 
MARTIAN  CRUST 

V.N. Zharkov.  A.Yu.Babeiko  (Institute  of  Earth  Physics,  B. Gruzinskaya, 
10,  123810  Moscow,  Russia) 

Mineralogic  models  of  the  Martian  crust  are  constructed  by  the  method 
of  numerical  thermodynamic  simulation.  The  mineral  composition  of 
the  consolidated  crust  varies  with  depth  because  of  a  transition  of  the 
gabbro-eclogite  type.  Density  and  P-  and  S  -wave  velocity  profiles  are 
computed  from  the  mineralogy.  The  generally  accepted  data  on  the 
structure  of  the  outer  layer  of  the  Moon  are  taken  into  account  in  mod¬ 
eling  the  outer  (  10  km),  porous  layer  of  the  planet.  Computations  are 
performed  for  the  compositions  of  basaltic  SNC  meteorites  (Shergotty, 
Zagami,  EETA  79001  of  lithologies  A  and  B),  their  average  composition, 
and  for  three  variants  of  the  temperature  distribution  in  the  crust:  with 
the  gradients  21,  13  and  6  K/km.  The  maximum  thickness  of  the  crust 
is  determined  from  the  condition  of  the  its  density  at  the  crust-mantle 
boundary  to  3.45  —  3 .5g/cm3.  The  computations  showed  that,  Ln  the 
event  of  a  cold  marsotherm,  the  crustal  density  at  a  depth  of  60  km 
ranges  from  3.3  to  3.5 g/cm3,  and  at  a  depth  of  120  km  it  is  3.5^/cm3. 
In  the  case  of  a  hot  marsotherm,  the  density  3.45^/cm3  is  attained  at 
a  depth  of  150  km,  3.5 g/cm3}  at  a  depth  of  170km.  The  consolidated 
crust  may  be  divided  into  several  zones  according  to  the  distribution  of 
density  and  its  seismic-wave  velocities. 


GEOLOGIC  MAPPING  OF  VENERA  13  AND  14  LANDING  SITES  REGION: 
VENUS 

A.  Abdrakhimov,  A.  Basilevsky 

Vernadsky  Institute,  Russian  Academy  of  Sciences,  Moscow,  Russia, 
abasilevsky@glas.apc.org 

The  mapping  was  done  using  the  Magellan  photomosaics  of  Venus  surface.  The  area 
understudy  (0-17  S,  291-318  E)  includes  the  Venera  13  and  14  landing  sites.  The  goal 
of  this  work  is  to  answer  what  are  the  stratigraphic  positions  of  the  surface  materials 
chemically  analyzed  by  the  Venera  13  and  14  landers.  It  was  found  that  the 
stratigraphy  of  the  geologic  units  of  ttys  area  agrees  generally  with  the  model  of  global 
stratigraphy  of  Venus  by  Basilevsky  &  Head  (1995).  Venera  13  landed  near  the  rift 
zone  extended  further  to  NW  and  SE  including  the  area  of  the  Venera  14  site.  In 
about  250  km  SE  of  the  Venera  13  site  there  is  a  pancake  dome.  Venera  13  landing 
ellipse  is  dominated  by  the  lobate  and  smooth  plains  (-50%  ellipse  area)  and  plains 
with  wrinkle  ridges  (45-50%).  Remnants  of  densely  fractured  plains  are  also  present 
(<5%).  The  most  probable  candidates  for  the  material  sampled  by  Venera  13  are  the 
materials  of  the  dominating  lobate/smooth  plains  (young  units)  or  the  plains  with 
wrinkle  ridges  (intermediate  age).  Venera  14  landed  either  on  or  near  a  large  volcanic 
shield  associated  with  the  mentioned  rift  zone.  Venera  14  landing  ellipse  is  dominated 
by  the  lobate  plains  (85-95%  ellipse  area).  Shield  plains  (5-10%)  and  remnants  of 
densely  fractured  plains  (<2%)  are  also  present.  The  most  probable  candidate  of  the 
material  analyzed  by  Venera  14  is  the  material  of  relatively  young  lobate  plains. 
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DETERMINATION  OF  SURFACE  ROUGHNESS  OF  LAVA  FLOWS  ON 
VENUS  FROM  MAGELLAN  RADAR  IMAGES 

V.  Ansan  and  Ph.  Paillou 

ERS388,  Laboratoire  de  G6ologie  Dynamique  de  la  Terre  et  des  Plan&es,  Umversite 
d*Orsay,  91405  Orsay,  France 

Between  1991  and  1994,  the  Venus’surface  had  been  imaged  by  Magellan  Synthetic 
Aperture  Radar  in  S-band  (12,6  cm),  HH  polarisation  and  stereoscopic  mode  with  a 
-100  m  spatial  resolution.  It  appears  relatively  flat  and  covered  by  lava  flows. 

Our  study  aims  to  evaluate  the  type  of  volcanic  rocks  on  Venus  based  on 
information  contained  in  radar  image.  The  latter  is  a  2D  representation  in  which 
geometric  characteristics  (topographic  slope  and  elevation),  surface  roughness  and 
electric  characteristics  of  imaged  surface  depend  on  wave  incidence  angle, 
wavelength  and  polarisation.  In  order  to  determine  the  nature  of  rocks  on  Venus,  we 
must  understand  the  behavior  of  radar  wave  when  backscattered  by  the  surface  in 
order  to  modelise  it  We  analyse  thus  the  relationships  between  the  backscattered 
radar  signal  and  the  local  incidence  angle  from  terrestrial  radar  images  obtained  by 
differents  sensors  and  acquisition  geometry  (Almaz-1,  SIRC/XSAR,  ERS, 
RADARSAT),  centered  on  Asal  rift  (Republic  of  Djibouti)  that  can  be  compared  to 
some  extend  to  the  venusian  surface.  We  also  used  laboratory  measurements 
obtained  for  experimental  surfaces  with  varying  roughness  characteristics.  By 
knowing  with  accuracy  the  topography  and  geology  of  this  area,  we  can  test  existing 
radar  roughness  models  for  volcanic  rocks  (from  young  lava  flows  to  basalt  sands) 
present  in  Asal  rift  Therefore,  we  extrapolate  and  inverse  this  process  to  determine 
the  nature  of  volcanic  flows  on  Venus 


GEOCHEMISTRY  OF  MARINE  SEDIMENTS  AND  THEIR 
SIGNIFICANCE  FOR  STUDIES  OF  COSMIC  FLUXES 
AND  EFFECTS  OF  EXTRATERRESTRIAL  IMPACTS 

P.  Bruns  (1)  W.-C.  Dullo  (1) 

(1)  GEOMAR,  University  of  Kiel,  Wischhofstrafie  1-3,  D-24148  Kiel, 
pbruns  @  geomar.de/Fax:  +49-43 1 -600294 1 

It  has  been  measured  along  with  other  platinum  group  elements  and  Au 
in  deep  sea  sediments  recovered  by  the  Ocean  Drilling  Program  (ODP) 
from  the  Indian  Ocean,  the  Atlantic  Ocean,  and  the  Pacific  Ocean.  The 
choice  of  the  Sites  located  at  high  northern  or  southern  latitudes  or  close 
to  the  equator  provides  information  on  the  global  distribution  of  cosmic 
particle  fluxes.  In  addition,  the  fractionation  of  Ir  and  Au  in  combination 
with  sediment  composition  may  allow  to  distinguish  between 
enrichment  of  siderophile  elements  by  single  large  impact  events  and 
enrichment  by  changing  sedimentation  patterns.  Constant  interelement 
ratios  may  indicate  a  single  source  whereas  changing  ratios  may  reflect 
fractionation  of  settling  micrometeoritic  dust.  Taking  paleontologic  data 
and  sediment  components  such  as  clay  mineralogy  and  abundances  of 
shocked  quartz  into  account  the  effect  of  cosmic  impactor  have  on  the 
biosphere  appears  readily  assessable.  In  the  presentation  the  faunal 
changes  at  the  KT-boundary  will  be  taken  as  an  example  to  discuss  the 
recent  findings. 


TECTONICS  OF  EARTH  &  VENUS:  EXISTENCE  OF  WAVES  M2,S2 

RC  Bostrom.  U/Washington  AJ-20,  Seattle,  WA  98195;  bostromrc@aol.com 

I  Terrestrial  tectonics  is  characterised  by  ‘steady-state*  convection, 
manifest  by  continuous  lithosphere  plate  formation;  Venus  tectonics,  by 
episodic  overturn  &  wholesale  replating  of  its  surface.  Additionally  the 
heat  loss  of  Earth  (Nimmo/McKenzie,1997)  appears  to  be  about  twice  the 
radioactive  generation  rate,  whereas  loss  on  Venus  is  one  half  this  quantity, 
n  The  principal  terrestrial  tides  M2,  S2  form  waves,  moving  continuously 
round  the  Earth  (rather  than  oscillatory  geostationary  bulging,  as  in  classic 
models).  Shears  &  translations  cancel  but  stresses  rotate  without  reversal, 
inducing  cumulative  vorticity.  The  phase-lag  suggests  that  viscous 
dissipation  amounts  to  a  significant  fraction  of  that  under  the  vortical  flow 
in  mantle-convection,  conforming  with  the  bias  picked  up  in  ‘net 
lithosphere  rotation’  (Lithgow-Bertelloni;  O’Connell;  Ricard;  others). 
HI  Secular  wave  tides  are  almost  non-existent  on  Venus  due  to  its  slow 
rotation  relative  to  the  Sun,  and  absence  of  the  Moon.  In  these 
circumstances  spasmodic  convective  overturn  is  to  be  expected,  governed 
by  heat  accumulation  beneath  a  static  thickening  lithosphere.  In  contrast, 
on  the  ‘double-planet*  Earth  the  continuous  passage  of  40  cm  waves 
enhances  circulation  in  the  mode  manifest  as  plate  motion,  accounting  for 
heat-loss  exceeding  that  demanded  by  the  Rayleigh  number. 


TOPOGRAPHY  OF  THE  DISCOVERY  RUPES  AREA,  MERCURY 

A.C.Cook  (1),  T.R.Watters  (1)  and  M.SRobinson  (2) 

(1)  Center  for  Earth  and  Planetary  Studies,  National  Air  and  Space  Museum, 
Washington  D.C.,  USA,  (2)  Department  of  Geological'  Studies, 
Northwestern  University,  Evanston,  USA 
tcook@ccps.nasm.cdu/Fax:  (USA)  202  786  2566 

We  produced  a  1km  per  pixel  Digital  Elevation  Model  (DEM)  of  the 
surface  of  Mercury  (58°W-40°W,  52°S-60°S)  using  digital  stereo  analysis. 
It  contains  15  discernible  craters  ranging  from  18-102  km  in  diameter.  A 
prominent  feature  in  our  DEM  is  Discovery  Rupes,  a  500  km  long  lobate 
scarp,  one  of  the  largest  tectonic  features  known  on  the  planet.  Lobate 
scarps  on  Mercury  are  believed  to  have  resulted  from  crustal  cooling  and 
compression.  A  previous  estimate  of  this  scarp's  maximum  relief  was  as 
high  as  3  km,  however  our  results,  covering  the  nigh-relief,  southern  half  of 
the  feature  give  a  maximum  relief  of  -L5  km  and  a  maximum  slope  of 
~14\  Photoclinometry,  using  the  Lommel-Seeliger/Lambert  photometric 
function,  has  been  used  on  re-calibrated  Mariner  10  images  to  provide  an 
independent  check  on  these  results,  and  agrees  to  <10%.  The  study  of  this 
DEM,  and  future  ones  that  we  plan  to  produce,  will  improve  our 
understanding  of  the  mercurian  crater  morphology,  may  reveal  previously 
unknown  basins,  and  will  allow  better  statistical  analysis  of  lobate  scarps, 
and  hence  constrain  estimates  of  the  decrease  in  planetary  radius  from 
cooling. 


OBJECTIVES  OF  THE  MARS  EXPRESS  MISSION 
A.F.  Chicarro,  Space  Science  Dept.,  ESA/ESTEC,  The  Netherlands. 

The  ESA  Mara  Express  mission  includes  an  orbiter  spacecraft  and 
possibly  up  to  four  lander  modules,  to  be  launched  in  2003  by  a  Soyuz 
rocket  to  recover  the  lost  scientific  objectives  of  both  Mara-96  and  In - 
termarsnet  missions,  following  the  recommendations  of  the  Internation¬ 
al  Mars  Exploration  Working  Group  (IMEWG)  and  of  ESA’s  Advisory 
Bodies  for  Mars  Express  to  be  included  in  the  Agency’s  Science  Pro¬ 
gramme.  The  scientific  objectives  for  the  orbiter  spacecraft  include: 
global  high-resolution  photogeology  at  10  m  resolution,  global  miner  - 
alogical  mapping  at  100  m  resolution,  global  atmospheric  circulation 
and  mapping  of  the  atmospheric  composition,  subsurface  structure  at 
km  scale  down  to  the  permafrost,  surface-atmosphere  interactions  and 
interaction  of  the  atmosphere  with  the  interplanetary  medium.  For  the 
lander  modules,  the  objectives  include:  internal  structure  and  dynamic 
activity,  meteorology  and  climatology,  landing  site  geology,  mineralogy 
and  geochemistry,  physical  properties  of  the  atmosphere  and  surface  lay¬ 
ers  and  exobiology  (i.e.  search  for  signatures  of  life).  Preliminary  design 
estimates  would  allow  to  carry  120  kg  of  scientific  instruments  on  the 
orbiter  and  another  180  kg  of  lander  modules  to  Mars.  Two  complemen¬ 
tary  lander  concepts  are  currently  being  evaluated,  one  for  geochemistry 
and  exobiology  and  the  other  for  network  science,  which  could  benefit 
from  a  number  of  common  spacecraft  subsystems.  ESA  will  provide  the 
launcher,  the  orbiter  and  the  operations,  while  the  lander  modules  are 
expected  to  be  delivered  by  space  organisations  of  ESA  member  states. 


Chemical  differentiation  in  high-temperature  vapor  clouds 

Yu.  P.  Dikov  (1),  M.  V.  Gerasimov  (2),  O.  I.  Yakovlev  (3),  F.  Wlotzka  (4),  and 
V.  V.  Distler  (1) 

(1)  IGEM,  RAS  Moscow,  (2)  HO,  RAS  Moscow,  (3)  Vernadsky  Institute,  RAS 
Moscow,  (4)  Max-Planck-Institut  fur  Chemie,  Mainz  FRG 

Investigations  of  high-temperature  vaporization  from  various  targets  show  a 
chemical  differentiation  for  the  main  elements  in  the  condensates  which  were 
collected  after  evaporation.  These  condensates  are  stratified  from  the  first  "hot"  to 
the  late  "cold"  layers.  The  hot  part  is  relatively  enriched  in  refractory  elements 
(Mg,  Al,  Ca,  Ti,  Zr)  and  the  cold  part  in  volatile  elements  (Na,  Si,  S,  K,  Fe).  Minor 
elements  have  a  similar  asymmetric  distribution  in  the  condensates.  Usually,  these 
elements  follow  the  temperature  curve:  refractory  minor  elements  are  concentrated 
in  the  hot  and  volatile  elements  in  the  cold  zones.  However,  the  presence  of  S,  Cl,  F 
and  other  analogous  components  in  the  initial  target  has  a  strong  influence  upon 
the  behaviour  of  these  elements.  We  examined  condensate  films  from  laser-beam 
evaporation  of  a  picritic  gabbro  with  admixtures  of  Pt-Pd  and  Mo-W  compounds. 
The  total  concentration  of  these  elements  in  the  condensates  were  lower  than  in  the 
starting  material.  However,  for  sulfur-containing  targets  they  were  enriched  3-5 
times  over  the  initial  composition  in  the  cold  part  of  the  condensates.  Such 
enrichments  were  probably  caused  by  the  formation  of  highly  volatile  complexes 
during  cooling  of  the  evaporation  cloud.  Perhaps,  the  enrichment  of  the  fine 
fraction  of  the  lunar  soil  in  these  elements  has  the  same  origin  as  a  result  of  impact 
evaporation  and  condensation. 
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CHEMICAL  DESTABILISATION  OF  A  THICKENED 
VENUSIAN  LITHOSPHERE,  UP  TO  MELTING 
CONDITIONS.  APPLICATION  TO  MAXWELL  MONTES. 

L.  Dupevrat  V.  Ansan,  and  D.  Insergueix 

ERS388,  Laboratoire  de  Gtologie  Dynamique  de  la  Terre  et  des  Plan£tes,  University 
d’Orsay,  91405  Orsay,  France 

Maxwell  Montes  is  a  Venusian  high  topography,  interpreted  as  the  result  of  a  global 
lithosphere  thickening.  Our  model  tends  to  explain  the  chronology  of  compressive 
and  more  recent  extensive  and  magmatic  events  observed  on  Maxwell  Montes.  In 
the  lack  of  water  on  Venus,  its  late  volcanism  must  result  from  a  mantle  upwelling 
structure.  Therefore,  it  implies  a  transition  of  the  convective  regime  from  a 
downwelling  to  an  upwelling.  Our  model  shows  that  such  a  transition  can  be 
generated  by  chemical  instabilities  of  both  depleted  and  basaltic  rocks  of  the 
lithosphere.  On  one  hand,  the  depleted  and  basaltic  composition  of  the  lithospheric 
prevents  its  recycling  during  the  first  few  millions  years.  On  the  other  hand,  since 
the  basalt  transforms  to  eclogite,  its  recycling  is  all  the  more  enhanced  because  it  is 
a  kept-going  process.  The  root  recycling  is  about  twice  faster  (20  My)  than  for  a 
purely  thermal  lithosphere.  Moreover,  new  instabilities  may  develop  in  the  crustal 
layer,  inducing  a  new  downwelling  close  to  the  lithospheric  root.  In  the  same  time, 
the  recycled  depleted  rocks  are  heated  enough  to  generate  a  chemical  diapir  which 
intrudes  between  the  two  downwellings.  If  the  internal  temperature  is  high  enough, 
about  80  My  after  the  global  thickening,  such  a  feature  may  provide  short  time 
melting  and  extension  underneath  the  lithospheric  root. 


A  SPECTROPHOTOMETRIC  MODEL  FOR  MARS 
S.  Erard 

Institut  d’Astrophysique  Spatiale,  Orsay,  91405,  France. 
erardCias.fr 

Infrared  imaging  spectroscopy  is  one  of  the  priorities  for  future  space  missions 
to  Mars  (Mars  Surveyor  program,  Mars  Express...).  The  optimization  of  an 
observation  program,  as  well  as  the  interpretation  of  observations,  benefits 
from  a  model  of  the  signal  to  be  detected. 

The  present  model  relies  on:  1)  Composite  reflectance  spectra  of  bright  and 
dark  regions,  and  of  the  polar  caps;  2)  A  survey  of  the  photometric  function 
of  Mars  in  the  literature;  3)  A  synthetic  spectrum  of  the  atmosphere  compiled 
from  various  sources;  4)  A  spectral  model  of  emissivity;  5)  Variations  in  Sun- 
Mars  distance  with  season;  6)  Surface  temperature  range  as  measured  by  IRTM. 

The  surface  spectra  are  composited  from  space  borne  observations  (ISM 
and  IRS),  completed  with  telescopic  observations  then  scaled  to  photometric 
measurements;  they  cover  the  range  from  0.4  to  5.7  pm  continuously.  The 
photometric  variations  are  modeled  with  IRTM’s  phase  function  in  the  NIR, 
and  with  Minnaert  coefficients  at  various  wavelengths  and  phase  angles  for 
each  type  of  terrain.  The  model  also  accounts  for  aerosols  backseat tering. 

Results  for  several  situations  will  be  presented,  discussed  and  checked  against 
independent  observations. 


COMPARATIVE  DEGASSING  HISTORY  OF  EARTH  AND  VENUS 

^.Franck  and  Ch.  Bounama  (Both  at:  Potsdam  Institute  for  Climate  impact 
Research,  Germany;  e-mail:  franck@pik-potsdam.de/Fax:  +49-331-288-2807) 

The  thermal  and  degassing  history  of  Earth  and  Venus  is  studied  with  help  of 
a  parameterized  mantle  convection  model  including  volatile  exchange 
between  mantle  and  surface  reservoires.  The  weakening  of  mantle  silicates  by 
dissolved  volatiles  may  be  described  by  a  functional  relationship  between 
creep  rate  and  water  fugacity.  The  mantle  degassing  rate  is  considered  as 
directly  proportional  to  the  seafloor  spreading  rate  and  to  the  melting  depth 
below  mid  ocean  ridges.  The  rate  of  regassing  depends  also  on  the  seafloor 
spreading  rate  as  well  as  on  the  efficiency  of  volatile  recycling  through  island 
arc  volcanism. 

Water  from  the  Earth's  mantle  outgasses  rapidly  within  a  timescale  of  less 
than  200  Myr  for  all  numerical  simulations.  In  the  case  of  Venus  we  find  less 
efficient  outgassing  up  to  500  Myr  ago  in  accordance  with  data  about 
radiogenic  noble  gasses.  The  reason  for  this  effect  is  the  Venusian  lithosphere 
that  is  more  hot  and  dry  than  in  the  case  of  the  Earth. 


GALILEO’S  VISIBLE-INFRARED  OBSERVATIONS  OF  THE  TYRE 
REGION  OF  EUROPA 

by  J.C.  Granahan.  F.P.  Fanale  (STI  and  UH),  R.  Carlson,  L.  Kamp,  D.  Matson,  A. 
Ocampo,  W.  Smythe  (JPL),  R.  Greeley  (ASU),  R.  Sullivan  (Cornell),  P.  Geissler 
(UA),  J.  Moore  (NASA  Ames),  M.  Belton,  and  the  Galileo  NIMS  and  SSI 
instrument  teams. 

Science  and  Technology  International,  733  Bishop  St.,  Suite  3100,  Makai  Tower, 
Honolulu,  HI  96813,  U.S.A.  e-mail:  granahan@lava.net 

Tyre,  a  circular  feature  on  the  Jupiter  moon  Europa,  appears  to  be  an  impact  basin 
with  an  approximate  diameter  of  140  km.  This  "bulls-eye"  patterned  feature  was 
observed  in  the  visible  by  SSI  (solid  state  imager)  instrument  and  in  the  infrared  by 
the  NIMS  (near  infrared  mapping  spectrometer)  instrument.  Unlike  the  bulk  of 
Europa,  the  center  of  Tyre  has  spectra!  features  of  nearly  pure  water  ice.  Most  of 
Europa  seems  to  have  some  hydrated  mineral  component  mixed  in  with  water  ice. 
The  implication  of  these  observations  is  that  the  impact  of  Tyre  may  have  excavated 
pure  water  ice  from  below  Europa’s  surface.  Later  linea  forming  events 
superimposed  darker  colored  ridges  across  Tyre  Macula  which  appear  to  be  rich  in 
hydrated  minerals.  The  youngest  ridges  which  transect  this  "bulls-eye”  pattern 
(which  are  only  resolved  by  SSI  data)  appear  to  have  photometry  consistent  with 
that  of  pure  water  ice.  This  suggests  that  a  variety  of  geologic  processes  and 
material  reservoirs  have  been  tapped  to  provide  the  material  which  has  formed  the 
Tyre  region. 


EUROPA  IN  THE  PRIME  GALILEO  MISSION 

Ronald  Greeley  (1),  J.  Klemaszewski  (1),  S.  Kadel  (1);  R.  Sullivan  (2);  R.  Pappardo 
(3),  J.  Head  III  (3);  G.  Neukum  (4),  T.  Denk  (4);  and  the  Galileo  Imaging  Science 
Team 

(1)  Ariz.  State  Univ.  (2)  Cornell  Univ.  (3)  Brown  Univ.  (4)  DLR,  Berlin 

Data  were  acquired  for  Europa  on  9  of  the  11  orbits  of  Galileo  around  Jupiter, 
returning  109  images,  including  some  in  color  and  at  resolutions  as  high  as  24  m. 
Preliminary  analyses  show  that  the  bright  plains  are  composed  of  multiple  ridge  sets  of 
a  wide  range  of  orientations,  and  that  in  the  near  infrared  some  plains  are  dark  and 
others  are  bright.  Processes  orginating  in  the  interior  (probably  heat-driven)  lead  to  the 
disruption  of  the  bright  plains  and  the  formation  of  mottled  terrain.  Most  observed 
mottled  terrain  includes  areas  of  "chaos"  in  which  the  plains  are  broken  into  individual 
blocks  and  plates  as  small  as  a  few  km  across,  set  in  a  lower  matrix  of  low  albedo. 
Impact  craters  ranging  in  size  from  a  -  10  m  to  the  22-km  have  been  discovered.  Size 
distributions  vary  with  terrain,  with  some  of  the  chaos  areas  having  low  frequencies 
and  other  units,  such  as  ridged  plains,  having  high  frequencies.  Concentric  fracture 
patterns  >100  km  across  are  also  considered  impact  in  origin.  Dark  halo  craters  and 
dark  deposits  associated  other  impact  structures  suggest  the  presence  of  widespread 
dark  material  less  than  a  few  km  below  the  surface. 


PREPARATION  OF  MASSIVE  ARTIFICIAL  BASALT  SAMPLES 
AS  SPECTROSCOPIC  ANALOG  MATERIALS  FOR  PLANETARY 
SURFACES 

J,  HadQff  and  G.  Arnold 

DLR,  Institute  of  Planetary  Exploration,  Berlin,  Germany 
E-mail:  harloff@terra.pe.ba.dlr.de /Fax:  +49-30-670  55  385 

Most  of  the  reflectance  spectroscopic  investigations  of  planetary  analog  materials  use 
powdered  samples,  since  common  targets  of  interest  in  the  solar  system  are  covered 
with  a  layer  of  regolith.  With  the  advance  of  the  technology  of  spectrometers  used  in 
space  missions,  especially  in  regard  of  spatial  resolution,  remote  sensing  spectra 
may  now  be  acquired  which  are  dominated  rather  by  outcropping  rock  than  regolith. 
In  such  a  situation,  the  appropriate  laboratory  analog  material  is  of  course  not  a 
powder,  but  rather  a  massive  surface,  since  there  are  differences  in  the  spectral 
characteristics  of  these  two  cases.  The  simple  approach  to  obtain  massive  analog 
materials  is  to  take  bulk  samples  of  natural  minerals  or  rocks.  Nevertheless,  this 
severely  limits  the  possibilities,  since  it  is  often  of  interest  to  investigate  mixtures 
of  two  or  more  minerals  in  varying  amounts,  a  common  procedure  when  working 
with  powdered  samples.  Therefore,  this  study  investigates  the  feasibility  of  the 
preparation  of  bulk  samples  of  artificial  rocks,  i.e.  massive  surfaces  of  mineral 
mixtures.  Artificial  basalt  samples  were  produced  by  mixing  powders  of  two  different 
pyroxenes  and  KBr.  This  powder  mixture  was  then  pressed  to  massive  pellets.  The 
pyroxenes  in  these  samples  dominate  the  spectrum  in  the  near-infrared,  as  is  the  case 
in  natural  basalts.  The  KBr  has  pseudo-liquid  properties  at  high  pressures,  therefore  it 
provides  the  matrix  in  the  pellets,  substituting  the  plagioclase  in  natural  basalts. 
Both  KBr  and  plagioclase  have  no  significant  spectral  features  in  the  near-infrared. 
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GALILEO  EVIDENCE  FOR  GANYMEDE  CRYOVOLCANISM 

J.  W.  Head,  R.  Pappalardo,  J.  Kay,  G.  Collins,  L.  Prockter  (1)  and  the  Galileo  Imaging 
Team. 

(I)  Dept,  of  Geological  Sciences,  Brown  University 
James_Head_III@brown.edu/Fax:  (401)  863-3978 

Galileo  Solid  State  Imaging  high-resolution  data  has  provided  important  new 
informa-tion  about  the  nature  of  bright  terrain  on  Ganymede  and  its  mode  of 
emplacement.  Little  evidence  has  been  found  for  volcanic  source  vents,  embayment 
relationships,  flow  fronts,  or  embayment  of  bright  terrain  material  into  dark  terrain 
topography.  Highly  tec-tonized  portions  of  dark  terrain,  and  regions  of  transitional 
terrain,  often  appear  to  be  brightened  by  tectonic  deformation  rather  than  volcanism. 
Tectonic  resurfacing  may  thus  be  an  important  alternative  to  cryovolcanism  for  the 
formation  of  some  bright  terrain  deposits  on  Ganymede.  Evidence  for  cryovolcanic 
activity  has  been  found  in  the  form  of:  1)  relatively  smooth  plains  that  do  not  appear 
to  have  originated  from  tectonic  resurfac-ing  at  least  at  a  resolution  of  several  tens  of 
meters,  and  2)  features  described  previously  as  'caldera-  like'  in  Voyager  images,  and 
imaged  at  high-resolution  in  orbit  G8.  The  most  prominent  of  these  is  a  scalloped- 
wailed,  internally-terraced  depression  about  55  km  in  length  and  20  km  wide  and 
oriented  tangential  to  a  groove  lane;  the  floor  of  the  depression  is  occupied  by  a  lobate 
flow-like  deposit  with  parallel  ridges  oriented  con-vexly  toward  a  cross-cutting  groove 
lane.  The  morphology  suggests  the  possibility  of  multiple  eruptions  and  thermal 
erosion.  We  are  presently  documenting  the  relative  sig-nificance  of  volcanic  and 
tectonic  processes  in  the  emplacement  and  evolution  of  bright  terrain. 


—  TERRAINS  NEAR  THE  NORTH  POLE  OF  MARS  FROM  MARS 
-  ORBITER  LASER  ALTIMETER  OBSERVATIONS.  EDGE  OF 
THE  ICE  CAP 

A.  B.  Ivanov  and  D.  0.  Muhleman 

California  Insitute  of  Technology,  Pasadena,  CA,  91 125,  USA. 
antonOgps .  c&ltech .  edu/Fax:  626-585-1917 

MOLA  (Mars  Orbiter  Laser  Altimeter,  on  Mars  Global  Surveyor  spacecarft) 
topography  measurements  presented  us  with  long  awaited  possibility  to  mea¬ 
sure  altimetry  variations  along  and  across  northern  polar  ice  cap  and  layered 
deposits  (up  to  82N).  MOLA  has  sampled  other  types  of  terrain  as  well.  On  two 
tracks  near  the  edge  of  the  ice  cap  have  encountered  scarps  -  600m  and  1km 
high.  In  one  of  the  above  passes  we  observed  increase  of  the  reflected  energy. 
We  interpret  this  as  first  laser  returns  from  the  residual  ice.  This  correlates 
well  with  Viking  image  of  the  area  for  the  same  season.  Data  over  the  trough 
shows  that  the  north  facing  slope  is  less  steep  than  south  facing  slope.  MOLA 
has  also  passed  over  Olympia  Planitia,  which  is  known  to  be  covered  by  dunes. 
Data  shows  small  topography  variations  across  the  area.  We  plan  to  present 
correlations  with  Shuttle  Laser  Altimeter  data  for  Sahara  dessert. 


SYNTHESIS  OF  GALILEO  IMAGING  RESULTS  FOR  GANYMEDE 

J.  W.  Head,  R.  Pappalardo,  L.  Prockter,  and  G.  Collins  (1),  G.  Neukum  (DLR  Berlin), 
M.  J.  S.  Belton  (3),  and  the  Galileo  Imaging  Team. 

(1)  Brown  University,  (2)  DLR  Berlin,  (3)  NOAO 
James_Head_III@brown.edu/Fax:  (401)  863-3978 


COMPLEX  IMPACT  CRATER  FORMATION:  LARGE 
TERRESTRIAL  CRATERS 

B.  A.  Ivanov 

Institute  for  Dynamics  of  Geospheres,  Russian  Acad.  Sci.,  Leninsky 
Prospect  38-6,  Moscow,  Russia  117939,  baivanov@glasnetru 


High-resolution  images  of  dark  terrain  provide  evidence  for  1)  heterogeneous  albedo 
patterns,  2)  extensive  ancient  tectonic  deformation,  3)  furrow  morphology  and 
topography  consistent  with  impact  origin,  4)  resurfacing  by  impact  crater  ejecta,  but 
little  evidence  for  plains  of  volcanic  origin;  5)  palimpsest  structure  suggesting  that 
margin  is  edge  of  continuous  ejecta  deposit  High-resolution  images  of  bright  terrain 
provide  evidence  for  1)  Voyager-resolution  grooves  composed  of  parallel  fractures 
spaced  several  hundred  meters  apart,  2)  change  in  style  from  early  graben  to  later 
domino-style  tilt  block  faulting;  3)  younger  groove  lanes  tectonically  resurfacing 
pre-existing  groove  polygons;  4)  'T-intersections*  being  due  to  tectonic  crosscutting  of 
older  terrain  by  the  top  of  the  T,  5)  some  smooth  terrain  at  Voyager  resolution  being 
old  and  degraded,  not  young;  6)  domain  structural  trends  displaying  integrated 
regional  patterns  of  deformation  and  some  shear,  7)  tectonic  resurfacing  being  an 
important  process.  Using  Voyager  data  the  Galileo  groove  lane  tectonic  patterns  can 
be  extended  to  broader  regions;  these  show  a  systematic  change  in  orientation  of  stress 
as  a  function  of  time.  These  data  do  not  favor  grooved  terrain  origin  through  highly 
localized  or  low-strain  mechanisms  as  previously  proposed,  but  favor  global  models 
involving  changes  in  figure  and  global  expansion  due  to  differentiation. 


The  presented  work  is  a  continuation  of  the  project  aimed  to  improve 
the  understanding  of  impact  crater's  formation.  The  variety  of 
different  planetary  conditions  (presence  or  absence  of  the  atmosphere 
and  crustal  volatiles,  different  gravity  at  the  surface,  etc.)  results  in  a 
specific  impact  crater  morphology.  The  important  problem  is  to 
understand  which  parameters  of  impact  craters  reflect  physics  and 
mechanics  of  cratering  process  and  which  parameters  depend  on 
planetary  crust  properties.  We  present  the  comparative  modeling  of 
terrestrial  impact  cratering  events.  The  large  terrestrial  impact 
structures  such  as  Popigay,  Chixculub,  and  Sudbury  are  compared. 
On  Earth  the  thermal  structure  of  the  lithosphere  seems  to  begin  to  be 
important  just  for  craters  larger  than  Popigay  (D=I00  km).  The 
implications  for  similar  craters  on  other  planetary  bodies  are 
discussed. 

Acknowledgments.  The  author  is  supported  by  the  Russian 
Foundation  for  Basic  Research  (Project#  96-05-64167  ). 


LINEAMENT  ANALYSIS  AND  THE  ESTIMATION  OF  THE 
THICKNESS  OF  THE  LITHOSPHERE  IN  THE  ALBA  PATERA 
REGION,  MARS 
D.-A.  Heller  (1)  and  P.  Janie  (1) 

(1)  Institute  of  Geophysics,  Christian-Albrechts-University,  Olshausenstr.  40, 
D-24118  Kiel,  Germany. 

Alba  Patera  is  a  unique  volcanic  structure  on  Mars  and  even  on  other  terres¬ 
trial  bodies.  Geoscientific  modeling  until  now  has  suggested  two  mechanisms 
of  origin:  updoming  by  a  mantle  plume  or  volcanic  construction.  The  current 
available  data  basis  was  supplied  mainly  by  the  Viking  missions  with  satellite 
images,  topographic  and  gravity  data.  A  regional  lineament  analysis  resulted  in 
at  least  three  lineament  families  of  different  age.  The  northern  part  of  the  radial 
Tharsis  system  (Tantalus  Fossae,  TF)  is  influenced  by  the  Alba  structure.  This 
leads  to  the  conclusion  that  during  the  formation  of  TF  a  Proto- Alba  structure 
should  have  existed.  The  concentric  Alba  system  is  younger  than  most  of  the 
radial  Tharsis  lineaments.  This  is  an  indication  for  a  later  tectonic  phase  of 
the  Alba  structure.  Bending  and  stress  modeling  of  first  radial  symmetric  load¬ 
ing  models  can  be  correlated  with  the  concentric  Alba  system  with  an  elastic 
thickness  of  the  lithosphere  of  about  50km.  Older  calculations  have  shown  a 
thickness  of  at  least  150km  for  the  younger  Olympus  Mons.  This  difference  can 
be  explained  by  the  different  age  of  both  structures.  Bouguer  and  isostatic  grav¬ 
ity  anomalies  will  be  presented.  In  summary  a  complex  evolution  of  the  Alba 
structure  can  be  concluded.  The  bending  and  stress  models  are  in  accordance 
with  a  volcanic  construction  model. 


PLACE  AND  ROLE  OF  TESSERA  IN  THE  GEOLOGIC  HISTORY  OF  VENUS 

MAJvanov,  Vernadsky  Institute  for  Geochemistry  and  Analytical  Chemistry,  Russian 
Acad,  of  Sci.,  117975  Moscow,  Russia 

Tessera  occupies  about  8%  of  the  surface  of  Venus  and  occurs  as  a  few  large  clusters 
centered  over  regional  plateau-like  highlands.  Unique  pattern  of  features  in  tessera 
consists  of  at  least  two  intersecting  sets  of  ridges  and  grooves.  Almost  everywhere 
ridges  are  older  and  grooves  are  younger.  Such  an  age  relationship  means  two-stage 
generalized  scheme  of  tessera  deformation:  i)  early  compression,  ii)  late  extension. 
Crater  retention  age  on  tessera  is  about  1.05-1.85T;  T  is  the  average  age  of  the  planet 
surface.  Duration  of  the  first  episode  is  unknown.  Duration  of  the  second  episode  of 
the  tessera  formation  was  about  10-20%  of  T.  Tessera  stopped  to  form  relatively  fast 
before  the  emplacement  of  the  venusian  regional  plains.  In  many  large  tessera  regions, 
remnants  of  the  tessera  precursor  terrain  have  the  morphology  of  smooth  plains 
suggesting  that  tessera  had  been  formed  by  the  deformation  of  basaltic  material. 
Tessera  is  the  result  of  large-scale  tectonical  shortening  of  the  Venust  crust,  majority 
of  which  has  basaltic  composition.  The  shortening  was  due  to  mantle  downwelling  and 
occurred  over  vast  regions  (about  several  thousands  of  km).  However,  the 
downwelling  was  localized  in  a  few  loci.  The  process  of  tessera  formation  marked  the 
beginning  of  the  visible  part  of  the  geologic  history  of  Venus  (last  10-20%  of  the  total 
age  of  the  planet).  After  the  tessera  formation,  the  pattern  of  the  mantle  circulation  was 
changed  thus  the  present  positive  and  negative  mantle  currents  do  not  link  genetically 
with  the  regional  tessera-bearing  highlands. 
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HO  ESCfcKS  IN  THE  VOTCTTY  OF  THE  SOOTH  POLE  CAP  ON  WARS,  BUT  SOLIDIFIED 
FOSSIL  "TSUNMOS* 

Heinz  -  Peter  Jftns 

Geogrephitchea  Institut  der  UniveraitSt  Wurzburg  -Am  Hubland- 
97074  Wurzburg,  6em»eny;  Fax:  +(0)931-888-5544/5556 

Som  authora  have  speculated  about  the  possibility  of  a  fossil  ice  age  in 
the  Ticinity  of  the  aartian  South  Pole  Cap.  It  has  been  postulated  that 
the  numerous  curvilinear  ridges  in  that  area  might  represent  very  old  es- 
cera  which  would  proof  a  fossil  glaciation  on  Mars. 

However,  careful  and  detailed  investigations  of  the  spatial  distribution 
of  those  ridges  interdict  such  an  interpretation  because  all  ridges  in 
that  area  trend  parallel  with  respect  to  the  boundary  of  the  entire  mor¬ 
phologic  unit;  escers  are  never  arranged  in  that  way!  Hence,  in  this  paper 
it  is  proposed  that  those  curvilinear  ridges  represent  a  system  of  tsunami¬ 
like  waves  which  got  solidified  immediately  after  the  mobilisation  of  a 
fossil  mud  sheet  flood.  The  solidification  was  the  result  of  simultaneous 
tremendous  desiccation  and  freezing  of  the  surface  of  the  mud  sheet  flood. 
The  outflow  of  that  mud  into  the  Argyre  depression  led  to  the  origin  of 
the  same  type  of  ridges  which  form  a  somewhat  triangle-shaped  structure 
in  that  huge  impact  depression. 

This  interpretation  leads  unevadably  to  the  surmise  that  the  very  old 
Mars  had  already  a  very  dry  and  very  cold  climate  with  very  little  air 
pressure  -  as  it  has  today. 

The  consequences  for  the  possibility  of  (fossil)  life  on  Mars  -at  least 
with  respect  to  the  ancient  martian  uplands-  are  significant. 


ON  Tie  owe™  OF  THE  ETCHED  TEWUM,  HUS 
Heinz  -  Peter  J6n* 

Geograph laches  Institut  der  University  Wurzburg  -Am  Hubland- 
97074  Wurzburg,  fiwMMny;  Fts:  *(0)931-800-5544/5556 

The  Etched  Terrain  (-Etched  Heterial)  which  occurs  in  the  immediate  vicinity  of  the 
Martian  South  Pole  Cep  it  one  of  the  aost  enigoetic  landscapes  of  the  entire  planet • 
However,  if  oAe.takee  into  consideration  the  possibility  that  the  South  Pole  Cap 
got  thawed  at  least  one  tine,  then  the  origin  of  the  Etched  Material  turns  out  to 
be  e  logic  event. 

Thawing  of  the  South  Pols  Cep  would  lead  to  the  origin  end  Mobilisation  of  huge 
anounts  of  aqueous  slurry  because  the  Polar  Cap  consists  of  layers  of  H20  and  C02 
ice  end  dust.  Moreover,  the  Melting  and  subsequent  collapse  of  the  Polar  cap  would 
lead  to  the  origin  of  huge  lunps  of  still  eolid  Materiel  which  probably  would  have 
elidden  northward  over  short  distances,  eaaller  luwps  of  esterial  even  eight  have 
flowed  like  icsbargs.  IeMedietely  after  such  sn  event  evaporation  and  even  sublima¬ 
tion  of  those  luMpa  would  have  led  to  the  origin  of  the  countless  depressions  which 
typify  the  Etched  Material;  i.e.  these  depressions  indicate  the  final  position  of 
the  "icebergs'.  Later  these  depressions  got  soawwhet  reshaped  by  eolian  activities. 
The  spatial  distribution  of  ell  these  depressions  which  characterize  the  entire 
aorphologie  unit  is  very  tellteling:  The  by  far  largest  depressions  occur  in  the 
iMMediate  vicinity  of  the  now  existing  -younger-  South  Pole  Cap.  More  northward 
these  depressions  soon  get  sMller  end  shallower  but  still  fora  large  swaraa  which 
occur  in  the  vicinity  of  the  largest  depressions.  Som  individual  pits  even  can  be 
detected  within  the  Argyre  Plenitie  into  which  a  pert  of  the  Mobilized  Material 
flowed.  As  som  of  the  larger  depressions  are  eabayed  by  numerous  wall  ridges  it 
is  indeed  very  likely  that  the  "icebergs"  had  at  least  a  tendency  to  Move  outward, 
i.e.  northward,  Uiich  led  to  the  origin  of  the  coepreisional  ridges  around  then. 


CALLISTO  MULTI-RING  STRUCTURES  AND  IMP  ACTOR  POPULATIONS 
FROM  GALILEO  DATA 

J.  Klemaszewskil,  R.  Wagner2,  R.  Greeley  1,  G.  Neukum2,  C.  Chapman3,  W.J. 
Merline3,  and  the  Galileo  SSI  Team 

1  Arizona  State  University,  Box  871404  Tempe,  AZ  85287 

2  DLR,  Inst  for  Planetary  Exploration,  Berlin/Germany 

3  Soutwest  Research  Inst.,  Boulder,  CO  80302 
klem@asu.edu 

Determining  crater  frequencies  in  the  Jovian  system  is  important  to  understanding  the 
surface  ages  of  the  Jovian,  as  well  as  the  outer  solar  system,  satellites.  From  Voyager 
data,  Callisto  (and  Ganymede)  appear  to  have  a  dearth  of  large  (greater  than  60  km 
diameter)  impact  craters.  Galileo  SSI  images  of  Callisto's  surface  have  revealed 
additional  candidate  multi-ring  structures.  Although  these  often  lack  distinct 
high-albedo  central  plains,  they  can  be  identified  primarily  by  mapping  discontinuous 
sets  of  concentric  fractures.  These  additional  large  impact  structures  indicate  that  the 
population  of  large  impactors  in  the  Jovian  system  was  greater  than  previously 
suggested.  Impact  and  other  processes  have  operated  on  the  surface  of  Callisto  over 
geologic  time  to  erode  and  nearly  obliterate  these  large  structures.  This  approach  in 
locating  large  ring  structures  may  aid  in  the  further  identification  of  multi-ring 
structures  in  the  Voyager  data,  and  lead  to  better  constraints  on  the  ages  of  the  Jovian 
satellites. 


ANISOTROPY  OF  RADAR  PROPERTIES  OF  VENUS  SURFACE 
M.  A.  Kreslavsky  and  R.  V.  Vdovichenko 

Kharkov  Astronomical  Observatory,  35  Sumska  Kharkov  310022  Ukraine. 
kreslavskyCanak.kharkov.ua/Fax:  +38  0572  432428 

Some  regions  of  Venus  were  imaged  by  the  Magellan  synthetic  aperture  radar 
under  two  opposite  incidence  directions.  A  few  sites  displayed  great  difference 
(up  to  9  dB)  in  the  radar  cross-section  between  looks  from  the  west  and  from 
the  east.  This  east- west  asymmetry  of  the  scattering  properties  had  been  at¬ 
tributed  to  presence  of  asymmetric  microdunes  on  the  surface  [C.M.Weitz  et 
al.,  Icarus  112,  283-295,  1994].  We  have  performed  an  exhausting  survey  and 
found  that  small  (1-2  dB)  east- west  asymmetry  of  the  radar  cross-section  is 
typical.  Independent  indications  of  a  north-south  surface  asymmetry  had  been 
obtained  from  the  data  of  the  Magellan  radar  altimeter  [G.L. Tyler  et  al.,  J. 
Geophys.  Res.  97,  13113-13139,  1992].  We  modelled  influence  of  asymmetric 
microdunes  on  radar  properties  of  the  surface.  We  found  that  variety  of  micro¬ 
dune  fields  can  account  for  all  observed  signs  of  radar  properties  anisotropy.  We 
cannot  state  that  all  the  anisotropy  is  due  to  microdune  fields;  other  sources 
of  anisotropy  are  possible.  For  some  sites  of  anisotropy,  however,  there  is  a  set 
of  additional  radiophysical  and  morphological  evidences  for  presence  of  loose 
material  on  the  surface,  which  makes  microdune  fields  a  very  probable  cause 
of  the  anisotropy  at  these  sites. 


FAULTS  AND  FAULT  PATTERNS  OF  CONTINENTAL  RIFTS  OR  RIFT¬ 
LIKE  STRUCTURES  ON  VENUS,  MARS  AND  EARTH-A  COMPARATIVE 
STUDY 

P.  Kronbera 

Institut  fur  Geologie  und  Palaontolooie,  Technische  Universitat  Clausthal 
kronberg@geologie.tu-dausthal.de  7  Fax  +49-5323-722903 

Several  authors  have  described  evidence  of  continental-style  rifting  on 
Venus  based  on  both  Pioneer-Venus  and  Magellan-radar  data.  Even 
though,  faults,  fault  geometries  and  fault  patterns  of  the  two  most 
outstanding  Venus-rifts  Devana  Chasma  (Beta  Regio)  and  Ganis  Chasma 
(Atla  Regio)  have  not  been  described  in  detail,  so  far.  For  an  inventory  of 
extensions  faults  and  fault  patterns  of  different  order  the  author  mapped 
faults,  fault  geometries  and  faults  patterns  observable  on  full -resolution 
Mageilan-radarmosaics  (pixel  size  75  m)  covering  Devana  Chasma  and 
Ganis  Chasma.  The  fault  maps  of  the  two  Venus  rifts  are  compared  with 
fault  maps  of  well-known  terrestrial  continental  rifts,  Kenya-  and  Rio 
Grande  rift,  at  equal  scale,  to  demonstrate  similarities  and  differences  in 
style,  geometry  and  dimension  of  extensional  surface  structures  and  stage 
of  rift  development.  Finally,  the  above  cited  fault  maps  of  venusian  and 
terrestrial  continental  rifts  are  compared  with  a  fault  map  of  the 
wdespread  rift-like  extensional  system  of  the  Alba  Patera  region  on  Mars 
compiled  from  high-resolution  Viking-Orbiter  photomosaics.  Whereas 
there  are  obviously,  similarities  between  mapped  tectonic  characteristics 
of  the  venusian  and  terrestrial  continental  rifts,  mechanisms  of  upper 
extensional  deformation  over  the  Alba  Patera  rift-like  system  are  different 
and  difficult  to  explain.  In  general,  observed  lateral  differences  in  style, 
geometry  and  dimension  of  upper  crustal  deformation  along  and  between 
venusian,  terrestrial  and  Martian  rifts  of  rift-like  structures  do  reflect  or 
correlate  with  lateral  variations  in  mantle  upwelling  and  crustal  thinning. 


SCIENTIFIC  RATIONALE  FOR  THE  NEW  GENERATION  OF 
LUNAR  MISSIONS 

Y.  Langevin 

Institut  d'Astrophysique  Spatiale,  91405  Orsay,  France 
langevin@iaslab.ias.fr  Fax:  33-1-6985-8675 

After  a  gap  of  nearly  20  years,  Clementine  initiated  in  1994  a  new  era  of 
scientific  investigations  of  the  Moon.  This  effort  will  continue  with 
NASA's  Lunar  Prospector  mission  (launch  in  january  1998)  and  the 
japanese  LUNAR- A  misson  (launch  in  1999).  Several  projects  are 
under  discussion  in  Europe  (Euromoon),  Japan  (SELENE),  and  on  a 
longer  term  NASA’s  proposals  for  a  lunar  base.  It  is  therefore  of 
interest  to  review  the  present  status  of  our  information  on  the  Moon  and 
the  major  gaps  in  terms  of  remote  sensing  coverage  and  in-si tu  studies. 
The  scientific  rationale  for  lunar  studies  can  be  presented  as  follows: 

-  the  Moon  is  an  end  member  of  terrestrial  planetary  bodies,  as  the 
smallest  and  least  evolved. 

-  the  Moon  forms  a  binary  system  with  the  Earth;  many  outstanding 
questions  remain  on  its  formation. 

-  the  5  m  thick  lunar  regolith  has  recorded  the  characteristics  of  the 
interplanetary  medium  for  most  of  the  history  of  the  solar  system 
(including  cometary  impacts  if  the  presence  of  polar  ice  is  confirmed). 
The  scientific  return  of  planned  and  proposed  missions  will  be 
evaluated  with  respect  to  these  major  scientific  goals. 
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RHEOLOGY  OF  MARTIAN  FROZEN  GROUND:  IMPLICA¬ 
TIONS  FOR  GLOBAL  WATER  STORAGE 
N.  Mangold  (1),  P.  Allemand  (1),  P.  Thomas  (1)  and  P.  Duval  (2) 

(1)  Ecole  Normale  Superieure  de  Lyon,  F-69364  Lyon,  (2)  Lab.  Glaciologie  et 
Geophysique  de  l’environnement,  F-38402  St-Martin  D’Heres. 

Morphological  features  like  fluidized  ejecta  craters  and  softened  terrains  show 
the  existence  of  large  amount  of  ice  in  Martian  megaregolith.  Our  purpose  is  to 
study  the  rheology  of  ice-rock  mixtures  analogous  to  the  megaregolith  in  the 
physical  conditions  of  Mars  using  constant  load  tests.  The  samples  consist  in 
frozen  cylinder  of  porous  sand  saturated  by  ice.  The  tested  parameters  are  con¬ 
fining  pressure  and  porosity  of  samples.  Results  with  porosity  of  0.48  confirm 
previous  results  about  the  viscous  behaviour  of  frozen  ground  and  demonstrate 
the  importance  of  confining  pressure.  Increase  of  pressure  decreases  the  influ¬ 
ence  of  microfractu ration  at  high  differential  stress  and  increases  viscosity  of 
sample  at  low  stress.  The  decrease  of  porosity  from  0.48  to  0.28  increases  the 
viscosity  of  the  mixture.  At  porosity  lower  than  0.28  brittle  behavior  .occurs 
whatever  the  physical  parameters.  On  Mars,  terrain  softening  is  interpreted  as 
viscous  deformation  due  to  ground  ice.  The  thickness  of  ground  affected  is  from 
the  order  of  1  km.  Our  results  imply  that  porosity  should  be  more  than  0.28 
at  1  km  depth  and  therefore  greater  than  0.4  at  surface  following  theoritical 
porosity  models.  Based  on  observations,  groundice  could  be  present  in  wide 
areas  on  the  whole  underground  of  Mars.  So  taking  a  large  porosity  at  surface 
we  obtain  a  global  water  amount  from  the  order  of  500  meters  spread  over  the 
planet  corresponding  to  the  higher  limit  of  previous  studies. 


DAT  AT  ION  OF  COMPRESSIVE  DEFORMATION  ON  MARS: 
EVIDENCE  FOR  GLOBAL  CONTRACTION 
N.  Mangold  (1),  P.  Allemand  (1)  and  P.  Thomas  (1) 

(1)  Ecole  Normale  Superieure  de  Lyon,  F-69364  Lyon. 

Compressive  structures  are  well  developed  on  the  whole  surface  of  Mars. 
Stresses  due  to  Tharsis  bulge,  planetary  contraction  or  volcanic  cooling  have 
been  proposed  to  explain  this  deformation,  but  none  of  these  hypothesis  agree 
with  both  models  and  observations.  Our  structural  analysis  focus  first  on  cross- 
striking  ridges  in  order  to  find  the  chronology  of  deformation  events.  These  ob¬ 
servations  can  be  interpreted  as  the  result  of  a  single  compressive  event  in  each 
studied  region.  We  can  date  deformation  using  stratigraphical  relations  and 
crosscutting  relations  between  craters  and  thrusts.  We  find  that  deformation 
is  restricted  to  the  upper  Hesperian  epoch  in  all  studied  regions.  Deformation 
should  therefore  be  simultaneous  on  the  whole  planet.  This  result  is  an  evi¬ 
dence  for  a  global  and  single  compressive  tectonic  event.  Such  event  can  be 
explained  by  global  contraction  due  too  cooling  of  the  planet.  Consequences 
of  global  contraction  on  martian  surface  can  be  examinated  evaluating  the 
amount  of  thermal  stress  produced  by  cooling  in  comparison  to  the  lithospheric 
strength.  Calculations  using  realistic  thermal  and  mechanical  parameters  show 
that  global  contraction  is  able  to  create  a  single,  global  and  late  deformation 
event  with  an  amount  of  deformation  consistent  to  that  deduced  from  obser¬ 
vations.  Agreement  between  observations,  datations  and  thermal  evolution  is 
in  favour  to  the  hypothesis  of  global  contraction  even  if  secondary  stresses  like 
Tharsis  bulge  could  have  an  influence  on  structural  trends. 


Detectability  of  sulfates  in  Martian  soils  considering  different  physical  soil 
properties 

Th.  Mcyerer, 

German  Aerospace  Reserach  Center,  Institute  for  Planetary  Exploration 
meyerer@dlr.de 

Landing  sites  of  Viking  and  Pathfinder  probes  exhibit  duri -crust  like  surface  proper¬ 
ties.  Viking  inorganic  analysis  of  these  crusts  point  to  a  high  abundance  of  sulfur 
whereas  the  occurrence  of  other  soil  constituents  suggest  that  sulfur  resides  as  mag¬ 
nesium  sulfate  in  the  Martian  soil.  Spectral  reflectance  of  powdered  and  crusted 
mixtures  of  bentonite  as  Martian  soil  analogues  and  Magnesium  Sulfate  as  crusting 
agent  was  measured  in  the  range  of  0.5pm  to  25pm.  The  most  significant  differences 
in  spectral  reflectance  between  the  crusted  and  the  powdered  samples  appear,  be¬ 
ginning  at  the  Christiansen  feature  at  about  8pm,  as  an  increased  intensity  of  the 
reststrahlenbands  of  the  silicon  oxygen  vibration  modes.  Among  the  influences  of  the 
sulfate,  there  is  an  increase  of  water  related  features  in  the  spectra  and  the  sulfur 
specific  features.  Signatures  of  the  sulfates  in  the  spectra  below  the  Christiansen 
feature  arc  not  influenced  by  the  degree  of  crustfication  in  the  soil  models.  Ongoing 
investigation  of  the  crusted  samples  are  aimed  to  develop  methods  for  detection  of 
crusts  and  their  content  in  sulfates  by  remote  sensing  from  the  Martian  orbit  The 
Thermal  Emission  Spectrometer  of  the  Mars  Global  Surveyor  might  reveal  data  for 
comparison  with  the  laboratory  measurements. 


Geomorphology  of  Kasei  Valles  and  scale  of  flooding  episodes 

C  Mosangini  (DLR,  Institute  of  Planetary  Exploration,  Rudower  Chaussee  5,  D- 
12489  Berlin,  and  University  D’Annunzio,  Pescara,  Italy),  and  Goro  Komatsu  (LPL, 
University  of  Arizona,  Tucson,  AZ  85721  USA) 

A  Digital  Terrain  Model  covering  the  two  deepest  channels  in  central  Kasei  Valles 
has  been  generated  using  Viking  stereo  images.  For  each  image  pair,  the  nominal 
camera  pointing  and  the  spacecraft  position  data  have  been  corrected  with  the  block 
adjustment  technique  using  manually  collected  tiepoints.  A  large  number  of 
additional  conjugate  points  were  determined  by  digital  image  matching,  converted  to 
object  coordinates,  and  interpolated  to  form  the  DTM.  Using  the  DTM  heights  and 
the  hydraulic  software  FLOWMASTER,  we  determined  the  accurate  hydraulic  radius 
and  derived  an  optimized  estimation  for  the  paleoflow  velocities  and  discharge  rates 
applying  the  modified  Manning  equation  for  Mars.  Channel  morphology  shows  that 
the  northern  channel  is  generally  not  well-defined  and  it  presents  an  asymmetry 
between  its  side  walls.  Where  the  channel  turns  east,  it  reaches  the  maximum  depth 
of  1200  m,  and  becomes  well  defined  and  narrow.  The  southern  channel  gets  also 
narrow  in  correspondence  to  its  east  turn,  however,  contrary  to  the  northern  one,  a 
geometric  difference  between  the  side  walls  is  not  evident  and  the  depth  of  the 
channel  increases  downflow  reaching  a  maximum  of  2000  m.  The  maximum  flow 
velocities  were  calculated  for  some  cross-sections  of  the  northern  and  southern 
channels  where  the  channels  are  well-defined  and  deep,  assuming  that  the  flows  were 
bank-full.  The  results  indicate  flow  velocities  of  one  hundred  to  a  few  hundreds 
meters  per  second,  and  maximum  peak  discharges  of  10*  -lO^m*  /s. 


SOME  CLUES  ON  THE  ORIGIN  OF  AUDRA  PLANITIA  BASIN,  VENUS 
L.  Marmangeli  (1)  and  G.G.  Ori  (1) 

(1)  Dip.  di  Scienze,  Universita’  d'Annunzio,  Pescara,  Italy,  luciam@sci.unich.it 

Audra  Planitia  is  a  small,  semi-circular  basin  in  the  northern  hemisphere  of  Venus.  It 
is  bounded  by  Kamari  Dorsa  to  the  West,  whereas  it  opens  toward  an  area  of  flat 
morphology  with  scattered  dorsae  and  coronae  to  the  East.  The  floor  of  this  planitia  is 
actually  inclined  toward  the  southern  margin,  forming  a  very  distinct  asymmetrical 
basin,  with  a  difference  in  elevation  of  about  1000  meters.  Unlike  other  planitiae, 
Audra  shows  remarkable  features  at  its  border  that  provide  some  clues  on  its 
formation.  The  northern  margin  consists  of  extensional  faults  forming  small  and 
shallow  graben.  The  southern  margin  is  more  complex  and  shows  interaction  between 
compressional  and  extensional  features.  The  deformation  of  the  margins  seems  to  have 
occurred  after  the  formation  of  the  planitia  because  the  extensional  features  offset  the 
wrinkle  ridges  present  on  the  basin  floor.  Audra  Planitia  probably  originated  by 
volcanic  flooding  over  the  basement  made  of  complex  deformed  terrains,  Tesserae. 
Wrinkle  ridges  formation  is  linked  with  this  phase.  Subsequently,  the  extension 
downwarped  the  basin  floor  to  the  South.  However,  deformation  limited  to  the 
margins  of  the  basin  because  most  of  the  planitia  seem  to  be  unaffected.  The  close 
relationship  between  the  planitia  and  the  extensional  features  suggests  that  they  are 
related  and  represent  different  stages  of  an  evolving  process. 


BOMBARDMENT  HISTORY  AND  AGES  OF  THE  GALILEAN 
SATELLITES 

G.  Neukum  (1),  R.  Wagner  (1),  U.  Wolf  (1),  J.W.  Head  III  (2),  R.  Pap- 
palardo  (2),  C.R.  Chapman  (3),  W.J.  Merline  (3),  R.  Greeley  (4),  M.J.S.  Bel¬ 
ton  (5)  and  the  Galileo  SSI  Team  (*) 

(1)  DLR  Berlin,  Germany,  (2)  Brown  Univ.,  Providence/RI,  (3)  Southwest  Res. 
Inst.,  Boulder/CO,  (4)  ASU,  Tempe/AZ,  (5)  NOAO,  Tucson/Az. 

During  the  nominal  Galileo  mission,  high  resolution  imagery  of  the  three 
Galilean  moons,  Europa,  Ganymede  and  Callisto  have  been  obtained  which  al¬ 
low  to  measure  crater  diameters,  in  combination  with  Voyager  data,  in  the  size 
range  of  ~  100  m  to  ~  100  km.  Crater  size-frequency  distributions  are  lunar- 
like.  Crater  densities  on  the  most  heavily  cratered  regions  on  both  Ganymede 
and  Callisto  are  fairly  comparable.  On  Europa,  crater  densities  have  turned 
out  to  be  about  a  factor  of  10  lower  than  on  the  youngest  areas  measured  on 
Ganymede.  Absolute  ages  can  be  derived  by  either  one  of  two  impact  chronol¬ 
ogy  models:  (1)  Model  I  by  Neukum  assumes  a  lunar-like  decay  with  time  due 
to  the  observed  similarity  to  crater  size-frequency  distributions  found  in  the 
inner  solar  system  suggesting  the  projectiles  probably  mainly  stem  from  the 
asteroid  belt.  Ages  on  Ganymede  and  Callisto  result  as  high  as  ~  4  b.y.,  and 
on  Europa  -  3.0  b.y.  and  younger.  (2)  Model  II  by  Shoemaker,  however,  is 
based  on  the  extrapolation  of  an  estimated  present  impact  rate  of  the  Jupiter 
comet  family  back  in  time  and  yields  ages  for  the  surface  of  Europa  of  only  10 
m.y.  years,  and  also  fairly  young  ages  for  Ganymede  and  Callisto.  Hence,  the 
derivation  of  absolute  ages  for  the  Galilean  satellites  is  still  an  open  issue. 
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SEDIMENTARY  ENVIRONMENTS  AND  CLIMATIC  CHANGES  ON  MARS 
G.  G.  Ori,  A.  Baliva,  L.  Marinangeli,  L.  Salvio 

Dipartimento  di  Scienze,  Universita  d  Annunzio,  Viale  Pindaro  42,  65127,  Pescara, 
Italy,  ggori@sci.unich.it 

The  past  presence  of  water  on  Mars  has  been  recognised  since  the  Mariner  missions  by 
the  presence  of  channels  and  river-like  features  of  the  surface.  Consequently,  several 
small  areas  has  been  envisaged  as  sites  of  the  standing  of  water  liquid  or  partially 
frozen.  However,  the  detailed  sedimentological  and  geomorphologic  analysis  of  the 
Martian  surface  lead  to  the  idea  of  the  presence  of  vast  zones  covered  by  water  bodies 
as  large  as  the  northern  hemisphere,  north  of  the  crustal  dichotomy.  The  reconstruction 
of  such  a  large  water  bodies,  that  is  based  on  several  coastal,  is  debated  but  it  is 
consistent  with  several  paleohydrological  models  and  with  some  paleoclimatic 
scenarios .  The  two  major  problems  raised  by  this  interpretation  are:  the  sizes  of  the 
lake  or  oceans  and  their  time  constrains,  that  is  their  age  and  their  duration.  Terraces, 
and  paleoshorelines  including  spits  beach  ridges,  curvilinear  benches  and  shoreline 
ridges  are  the  most  prominent  features  indicating  the  presence  of  bodies  of  standing 
water.  Among  these  features,  terraces  are  rather  well  defined  in  the  Viking  images 
consisting  of  flat  surfaces  adjacent  to  some  kind  of  highland  and  boarded  toward  the 
supposed  body  of  water  by  scarps.  The  age  of  these  sedimentary  structures  is  of 
paramount  importance  to  identify  the  timing  and  tempo  of  climatic  changes  on  Mars. 
It  appears  that  climatic  conditions  suitable  for  the  long-lasting  presence  of  water  on  the 
planets  occurred  several  time  in  the  past.  Probably  the  last  climatic  event  of  this  type 
is  as  young  as  lower  Amazonian. 


SEARCH  FOR  CARBONATES  ON  THE  SURFACE  OF  MARS  BY  MEANS 
OF  THE  PLANETARY  FOURIER  SPECTROMETER 

+ 

y.,OmfHK?  (1).  A*  Blanco  (1),  M.I.  Blecka  (2),  S.  Fond  (1),  A.  Jurewicz  (2) 
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An  increasing  number  of  geological  indications  supports  the  idea  that  bodies  of 
standing  water  were  once  present  on  the  surface  of  Mars.  Because  these  waters  were 
in  presence  of  a  C02  atmosphere,  carbonate  precipitation  should  have  been  a  very 
likely  process,  able  to  produce  thick  sedimentary  deposits.  These  deposits  could 
have  survived  in  some  ares  of  the  planet,  mixed  to  other  components  of  the  Martian 
regolith.  However,  despite  extensive  search  for  carbonates,  up  to  now  no 
compelling  evidences  for  the  presence  of  these  minerals  have  been  found  yet 
In  this  work  we  present  our  strategy  concerning  the  spectroscopic  search  for 
carbonates  by  using  the  Planetary  Fourier  Spectrometer  (PFS)  proposed  for  the 
payload  of  the  ESA  “Mars  Express”  mission  scheduled  for  the  2003.  Various  areas 
of  the  surface  of  Mars  (craters  or  depressions),  which  could  harbour  large  carbonate 
deposits,  are  proposed  for  the  search  for  these  materials.  Our  calculations  indicate 
that  in  these  areas  putative  carbonate  deposits  could  have  survived  to  the 
destruction  process  produced  by  the  UV  solar  radiation  and  that  the  bands  at  2.5, 
4.0, 7.0  and  1 1.0  pm,  typical  of  these  minerals,  can  be  spectroscopically  detected  by 


DIAPIRISM  AND  SOLID-STATE  CONVECTION  ON  EUROPA 
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The  morphologies  of  pits,  domes,  and  spots  ("lenticulae"),  as  well  as  ridges  observed 
in  high-resolution  Galileo  images  of  Europa  are  consistent  with  an  origin  through 
diapiric  upwelling  of  warm  subsurface  ice.  Lenticulae  are  about  10  km  in  diameter  and 
have  morphologies  that  suggest  intrusive  deformation  of  the  surface,  localized  heating, 
and  extrusion.  A  candidate  process  for  formation  of  such  ice  diapirs  is  thermally 
induced  solid-state  convection,  predicted  to  occur  within  an  ice  shell  on  Europa  if  it 
overlies  a  liquid  water  layer.  The  morphology  of  Europa's  ridges  is  consistent  with 
intrusion  of  tabular  diapiric  walls  that  have  risen  along  cracks.  An  evolutionaiy 
sequence  is  suggested  for  ridges  in  which  cracks  serve  to  localize  diapiric  upwelling, 
diapiric  walls  upwarp  the  surface  to  form  a  ridge,  and  ridges  subsequently  grow  in 
width.  Lenticulae  and  larger  regions  of  chaotic  terrain  generally  postdate  ridges;  this 
suggests  that  the  regional  geological  style  of  Europa  has  changed  through  time,  from 
widespread  tectonism  (perhaps  associated  with  a  thin  ice  shell)  to  vertical  deformation 
and  broader  scale  surface  disruption  linked  to  solid-state  convection.  The  low  crater 
density  and  inferred  young  surface  age  argues  that  thermal  convection,  perhaps  above 
a  liquid  water  ocean,  may  be  an  active  process  within  Europa  today.  Observations 
from  the  Galileo  Europa  Mission  will  provide  further  tests  of  these  hypotheses. 


LUNAR  REGOLITH  PROPERTIES  AT  REINER  GAMMA  FORMATION 
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Spectral  mixture  analysis  has  gained  wide  acceptance  and  is  used  to  separate  the 
specfriiC  components  of  lunar  soils,  mixed  at  the  pixel  scale,  into  percentages  of 
distinct  end-members.  We  implement  here  a  methodology  which  combines  principal 
components  analysis  and  iterative  linear  mixture  modelling  and  is  applied  to  the 
Reiner  Gamma  region.  3  basic  endmembers  relevant  for  modelling  the  observed 
spectral  variations  in  the  vicinity  of  Reiner  Gamma  Formation  (RGF)  are  identified. 
These  are  MB  (mare  background),  SWS  (south  west  swirl),  and  RGS  (Reiner 
Gamma  soil).  The  associated  fractional  abundance  images  reveal  the  existence  of  a 
diffuse  triangle-shaped  unit  surrounding  the  RGF  in  its  vicinity  which  corresponds 
to  the  enigmatic  medium-albedo  unit,  referred  to  as  «  red  halo  »  unit  in  the  literature. 
Two  components  exhibit  spectral  characteristics  consistent  with  a  prevailing 
contribution  of  mature  mare  soils  for  the  surroundings  (MB)  and  of  immature  mare 
crater-like  soils  (RGS)  at  RGF.  The  third  intermediate-albedo  component  (SWS)  has 
general  characteristics  of  a  mature  mare  soil,  but  with  a  redder  continuum  slope. 
Building  upon  experimental  results  produced  by  laboratory  spectroscopic  analyses 
of  sieved  size  separates  of  soils  from  Luna-landing  sites,  it  is  shown  that  one  can 
explain  the  reported  observation  by  a  mechanism  which  would  remove  the  finest 
fraction  in  the  soil  at  RGF  and  redistribute  it  in  the  vicinity.  This  mechanism  would 
be  responsible  for  the  disruption  at  RGF  of  the  optical  characteristics  of  mature  soils 
caused  by  the  natural  space-weathering  effects. 


GANYMEDE  DARK  TERRAIN  MORPHOLOGY  AND  TECTONICS: 
RESULTS  FROM  THE  FIRST  YEAR  OF  GALILEO 
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During  several  orbits  of  the  Galileo  spacecraft,  Ganymede's  dark  terrain  has  been 
imaged  at  resolutions  orders  of  magnitude  higher  than  those  obtained  by  Voyager. 
These  data  have  allowed  us  to  reassess  the  nature  of  dark  terrain  on  Ganymede,  and  to 
evaluate  the  surface  processes  which  have  contributed  to  its  evolution.  New  Galileo 
SSI  imaging  results  have  shown  that  the  dark  terrain  is  extremely  heterogeneous:  up  to 
three  different  plains  units  are  observed;  furrow  rims  and  floors  can  now  be 
distinguished;  and  bright  material  is  seen  in  the  form  of  isolated  knobs  and  massifs, 
plateaus,  and  crater  and  furrow  rims.  We  present  results  which  indicate  the  relative 
importance  of  different  surface  processes  including  tectonic  activity,  impact  cratering, 
mass  wasting,  sublimation,  and  volcanism.  We  evaluate  models  for  the  origin  and 
evolution  of  dark  terrain  and  favour  one  which  suggests  that  dark  terrain  is  comprised 
of  a  dark  layer  of  meteoritic  material,  concentrated  on  top  of  a  brighter,  more  ice-rich 
layer  by  various  processes.  We  also  examine  the  progression  of  dark  terrain  from  a 
relatively  pristine  condition  (e.g.  dark  terrain  in  Galileo  Regio)  to  a  highly  modified 
state  (e.g.  fractured  dark  terrain  in  the  Uruk  Sulcus  region)  and  show  examples  from 
the  recent  G7  and  G8  encounters.  The  dark  terrain  appears  to  undergo  progressive 
tectonic  modification  as  bright  terrain  is  approached.  We  also  examine  the  detailed 
morphology  of  furrows  and  use  new  regional  data  to  reevaluate  the  centers  of  furrow 
systems  on  Ganymede. 


COMBINED  REGIONAL  ANALYSIS  OF  GRAVITY  DATA  AND 
SURFACE  GEOLOGY  AT  VENUSIAN  HOT  SPOT  PERIPHERY, 
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Large  topographic  rises  of  the  Venusian  surface  have  been  interpreted  as  hot  spots 
(i.e.  related  to  mantle  upvvellings),  based  on  their  topographic,  gravimetric  and 
morphological  properties.  However,  some  differences  exist  in  these  properties  from 
one  rise  to  another.  Recent  works  suggest  that  they  could  be  related  to  spatial 
variations,  at  global  scale,  in  the  Venusian  lithospheric  properties  and/or  to  temporal 
variations  in  the  geological  activity  of  the  Venusian  presumed  hot  spots. 

The  present  work  is  an  attempt  to  decipher,  at  regional  scale  (hundred's  kilometers), 
the  distribution  of  mass  anomalies  in  the  Venusian  lithosphere  and  their  possible 
relation  with  the  major  tectonic  features  associated  with  Venusian  hot  spots 
candidates.  It  is  based  on  the  available  high-resolution  SAR  images  and  topographic 
data,  and  on  new  high  spatial  resolution  (100x100  KmxKm)  gravity  anomalies, 
obtained  from  local  inversion  of  LOS  data.  The  analysis  is  mainly  realized  within 
the  peripheral  area  of  the  hot  spot  (i.e.  within  the  topographic  domain  of  rolling 
plains),  to  limit  the  contribution  of  mantle  dynamics  to  gravity  anomalies. 
Consequently,  one  might  expect  to  observe  spatial  variations  in  structural 
lithospheric  properties  in  such  areas.  The  gravity  signal  is  then  interpreted  in  terms 
of  lithospheric,  crustal  or  upper  mantle  structures  and  its  spatial  distribution  is 
established.  The  produced  regional  distribution  is  compared  with  the  spatial  and 
topographic  distributions  of  the  geological  units  and  with  their  stratigraphic 
relationships. 
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ORIENTATION  AND  CHRONOLOGICAL  SEQUENCE  OF  LIN¬ 
EAMENTS  ON  EUROPA’S  WEDGED  TERRAIN 
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Europas  ridges  have  been  observed  for  the  first  time  by  voyager  cameras  on  a 
global  scale  and  recently  by  the  Galileo  SSI  camera  for  selected  areas  with  high 
resolution.  Due  to  resolution  increase  and  relatively  low  solar  incidence  angle, 
features  originating  from  surface  topography  are  now  visible.  In  this  work  we 
will  focus  on  lineaments  on  Europa’s  wedged  terrain  (1)  north  of  Agenor  Linea 
imaged  during  orbit  C3  with  a  resolution  of  420  m/pixel  and  (2)  a  terrain  im¬ 
aged  during  orbit  Ell  (220  m/pixel),  which  both  reveal  frequently  resurfaced, 
partly  subparallel  ridge  structures  and  seem  to  originate  from  multidirectional 
extension  and  shear.  As  a  result,  many  generations  of  single  and  parallel  ridges 
with  almost  chaotic  orientation  crosscut  each  other.  We  will  present  a  map  of 
rigde  orientation  and  spacing  for  the  wedged  areas  in  order  to  detect  formerly 
related  structures.  We  will  also  present  a  chronological  sequence  of  small  and 
intermediate  scale  lineaments  based  on  detectable  crosscutting. 


Shape  and  Topography  of  Io  -  Results  from  the  Galileo-Mission 
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More  than  17  years  after  the  Voyager  flybys,  the  SSI-camera  on  board  of  the 
Galileo  spacecraft  imaged  Io  with  resolution  of  up  to  2.5  km.  The  high 
geometrical  precision  of  the  SSI-camera  compared  to  the  Voyager  Vidicon 
images,  a  multitude  of  imaging  opportunities  and  the  broad  range  of 
observation  geometries  allows  us  to  improve  photogrammetric  analysis  of 
Io's  shape  and  topography.  We  calculated  the  three-dimensional  coordinates 
for  a  net  of  surface  points.  Due  to  its  rotation  and  the  gravitational  forces  of 
Jupiter,  Io's  shape  is  forced  into  a  triaxial  ellipsoid.  Our  results  show  -  in 
agreement  with  theoretical  expectations  -  that  a  triaxial  ellipsoid  describes 
Io's  shape  more  accurately  than  a  sphere.  The  axes  found  by  combining 
Galileo  and  Voyager  data  are:  a  =  1827.2  km,  b  =  1820.8  km,  c  =  1816.9 
km.  For  determining  the  global  topography  of  Io  we  fitted  spherical 
functions  to  the  control  net  of  surface  points.  First  hints  of  large-scale 
topographic  heights  and  lows  exist,  but  the  accuracy  of  the  model  has  to  and 
will  be  improved  by  new  data  in  the  next  months.  On  a  regional  scale  Digital 
Terrain  Models  of  geological  interesting  areas  were  calculated.  This 
topographic  information  was  used  to  describe  the  relation  between 
volcanoes  and  lava  flows.  The  slope  of  lava  flows  as  well  as  profiles  and 
heights  of  volcanoes  were  measured. 


The  Catastrophic  Evolution  of  Venus  and 
the  Cratering  Record 
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It  was  recognized  that  the  tectonic  evolution  of  Venus  differed  markedly  from 
the  earth  prior  to  the  Magellan  Mission.  The  images  of  Venusian  craters 
obtained  by  Magellan,  and  their  subsequent  analysis  by  Schaber,  Strom,  and 
others,  indicated  that  a  near  global  resurfacing  event  occurred  about  500  My 
BP.  The  length  of  time  over  which  this  event  occurred  has  been  controversial. 
Visual  inspection  of  the  actual  distribution  of  craters  and  random  simulations 
cannot  be  distinguished.  However,  nearest  neighbor  analyses  indicate  a 
significant  divergence  from  a  random  distribution  of  spatially  distributed 
points.  We  have  applied  the  pair-correlation  technique  and  find  that  the  crater 
distribution  cannot  be  distinguished  from  the  random  simulation.  Whereas  the 
pair-correlation  considers  all  possible  pairs  of  points  in  space,  the  nearest 
neighbor  technique  uses  only  pairs  of  points  that  are  closest  to  each  other.  We 
believe  the  nearest  neighbor  results  are  caused  by  crater  interactions  and 
conclude  that  the  resurfacing  event  occurred  over  a  relatively  short  period  of 
time.  The  implications  of  this  conclusion  for  the  tectonic  evolution  of  Venus 
will  be  discussed. 


MORPHOLOGY,  GEOLOGY,  DISTRIBUTION  AND  AGES  OF 
DOME  CRATERS  ON  GANYMEDE  AND  CALLISTO 
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Dome  craters  are  a  class  of  impact  features  on  Ganymede  and  Callisto  which 
were  first  seen  by  the  Voyager  cameras  and  recently  observed  in  higher  resolu¬ 
tion  by  the  Galileo  SSI  camera.  Such  craters  are  characterized  by  a  morphology 
somewhat  gradational  between  craters  with  well-defined  rims  and  palimpsest 
craters  with  little  topographic  expression  and  may  show  central  pits,  domed 
floors  or  domed  central  pits.  In  this  paper  we  use  the  extended  image  coverage 
on  regional  scale  provided  by  the  Galileo  SSI  camera  in  order  to  map  the  spa¬ 
tial  distribution  of  dome  and  domed-pit  craters  and  present  detailed  geologic 
analyses  of  some  of  those  craters  imaged  at  higher  resolution.  These  investiga¬ 
tions  shed  light  upon:  (a)  how  large  craters  in  icy  surface  material  form,  (b) 
how  crater  scaling  in  ice  is  compared  to  scaling  on  rocky  surfaces,  and  (c), 
by  measuring  crater  size- frequency  distributions  of  geologic  units  mapped  in 
dome  craters,  how  the  early  crusts  on  both  satellites  evolved  through  time. 
We  present  two  endmember  models  of  how  topography  of  craters  is  lost:  (1) 
Lesser  topographic  expression  is  either  related  to  the  crater  forming  process 
itself  or  (2)  is  caused  by  modification  subsequent  to  crater  formation.  Also,  (3) 
a  combination  of  the  two  processes  is  possible. 


HIGH-RESOLUTION  GROUNDBASED  IMAGING  OF  MER¬ 
CURY  AT  VISUAL  AND  NEAR-INFRARED  WAVELENGTHS 
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Very  high-resolution  imaging  of  Mercury  has  been  carried  out  at  the  0.50-m 
Swedish  Vacuum  Solar  Telescope  on  La  Palma,  Spain.  CCD  observations  were 
made  with  a  series  of  six  intermediate-band  filters  at  A  =  450-940  nm  during 
daytime  and  twilight  at  three  elongations  in  October  1995  (central  meridian 
longitude  u  ~  270°),  April  1996  (u>  ~  120°)  and  November  1997  (w  ~  220°), 
thus  partially  overlapping  Mariner  10  imagery  (u>  =  100°) .  Phase  angles  were 
near  90°.  The  highest-quality  data  at  A  =  550  —  650  nm  has  a  diffraction  limited 
resolution  of  ~  200  km.  Maps  of  albedo  variegation  at  different  wavelengths 
will  be  presented. 


IMPLICATIONS  FOR  THE  LITHOSPHERE  OF  MARS  AS  A  RESULT  OF 
ACCURATE  TOPOGRAPHIC  DATA  FROM  THE  MGS  LASER  ALTIMETER 
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The  laser  altimeter  on  the  Mars  Global  Surveyor  mission  has  provided  new  and 
detailed  information  about  the  topographic  expression  and  planetary  response  to  many 
of  the  large  geological  structures  on  the  northern  hemisphere  of  Mars  These 
structures,  including  Elysium,  Olympus  Mons,  Albe  Patera,  and  the  north  polar 
layered  terrain  all  show  apparent  evidence  of  possible  lithospheric  loading  and  flexure 
with  classical  moat  or  tilting  of  the  surrounding  surface  that  extends  far  from  the 
construct  Some  of  these  flexural  features  may  be  partially  obscured  by  material 
subsequently  deposited  around  the  load  as  a  result  of  collapse  or  as  a  result  of  erosion. 
Modeling  of  these  structures  is  suggesting  complex  explanations  for  the  observations, 
in  some  cases  very  large  loads,  and  providing  possible  constraints  on  the  structure  of 
the  supporting  lithosphere.  The  laser  altimeter  has  already  provided  topographic 
information  accurate  to  a  few  meters  along  eighteen  tracks  spaced  across  the  northern 
hemisphere  as  far  north  as  80N.  Further  mapping  of  the  northern  polar  regions  is 
expected  in  the  Spring  of  1998. 
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Role  of  small  components  of  atmosphere  in  shaping  a  surface  and  of  a 
troposphere  of  Venus. 

B.M.  Andreichikov,  Space  Research  Institute,  Russian  Academy  of  Sciences, 

117810,  Profsojuznaja  st.  84/32,  GSP-7,  Moscow,  Russia. 

In  this  work  is  conducted  thermodynamic  analysis  of  system  a  surface  -  atmosphere 
(till  the  height  42  km)  planets  with  the  calculation  of  flying,  in  conditions  of  Venus,  of 
phosphorus  oxides.  Following  resultes  were  received. 

1.  As  a  result  of  the  thermodynamic  analysis  of  the  system  a  surface  -  atmosphere 
were  calculated  the  concentrations  of  the  atmospheric  components  near  surface  of 
planet  which  correspond  with  the  measurementes  data.  H20  -  6,5  x  10-5  ,  S02  -  2, Ox 
10-5,  P4O10  -  2,3x  10-5,  CO  -  l,28x  10-5,  COS  -  l,2x  10-5,  H2  S  -  3,3x  10-6,  HCi  - 
2,3x  10-6,  S  -  4, lx  10-7,  H2  -  6x  10-9,  HF  -  2,2x  10-9  ,  P4  09  -  5x  10-10,  CS2  - 
l,55x  10-1 1,  SO  -  4, Ox  10-12  ,  S03  -  2,4x  10-14. 

2.  The  possibility  of  existence  hydroxylsilicates  (stavrolite)  in  these  conditions  is 
reveal  led. 

3.  Hypothetical  mineral  composition  of  rocks  corresponding  to  the  calculated  system 
of  the  heterogeneous  equilibriums  and  results  of  direct  measurements  of  the  chemical 
elementes  contents  in  the  samples  of  Venus  rocks,  has  allowed  to  estimate  by  the 
bound  crust  of  a  water  mass  (~  4,5x  10+22  g,  in  the  manner  of  hydro-xylgroups). 

4  The  possibility  of  formation  at  a  rate  of  1 1-12  km  of  traces  of  aerosol  of  the  layered 
polymers  (P205)n  is  shown. 

5.  Vertical  profiles  xH20,  xS02,  xH2S  xco,  xcos ,  xs  concordant  with  results  of  direct 
measurements  in  atmosphere  is  calculated. 

6.  A  possibility  of  formation  above  42  km  in  the  night  and  impossibility  -  daytime 
(near  a  noon)  of  the  aerosol  which  contain  phosphor  is  motivated. 

References  -  23. 


EARTH  BASED  OBSERVATIONS  OF  JOVIAN  HOT  SPOTS  IN 
THE  VISUAL  RANGE:  1994-1997 

J.  Arregui  (1),  J.  F.  Rojas  (2),  R.  Hueso  (3),  J.  Lecacheux  (4),  F.  Colas  (5), 
A.  Sanchez-Lavega  (3)  and  P.  Drcesart  (4) 

(1)  Dept.  Fisica  Aplicada  I,  E.U.I.T.I.,  Universidad  Pais  Vasco,  Vitoria,  Spain, 

(2)  Dept.  Fisica  Aplicada  I,  E.U.I.T.I.,  Universidad  Pais  Vasco,  Bilbao,  Spain, 

(3)  Dept.  Fisica  Aplicada  I,  E.T.S.  Ingenieros,  Universidad  Pais  Vasco,  Bilbao, 
Spain,  (4)  D.E.S.P.A.,  Observatoire  Paris- Meudon,  Paris,  France,  (5)  Bureau 
des  Longitudes,  Paris,  France. 

vupsalaafibi .ehu.es/Fax:  (34)-4-44 1-40-41 

A  long  term  CCD  imaging  using  the  1-m  planetary  dedicated  telescope  at  Pic- 
du-Midi  Observatory  (France)  has  been  employed  from  1994  to  1997  to  study 
the  Jovian  Hot  Spots  region  at  6.5° N,  in  the  latitude  of  the  Galileo  probe 
entry  site.  The  Hot  Spots  are  regions  of  high  5  /im  thermal  emission  which 
appear  as  low  reflectivity  areas  (compared  to  surroundings)  at  red  wavelengths 
(600-900  nm).  We  have  used  filters  isolating  these  wavelengths  (except  those 
corresponding  to  the  methane  absorption  bands)  to  track  the  Hot  Spots  during 
this  period.  We  present  data  on  the  spatial  distribution  (number  of  Hot  Spots), 
evolution  and  interactions,  and  motions  of  individual  hot  spots.  Among  other 
results,  anomalous  low  zonal  velocities  have  been  found  in  a  group  of  4  hot 
spots  (u  =  77  m/s  instead  of  typical  velocities  of  100  to  105  m/s).  We  compare 
the  data  with  long-term  5-fim  observations  during  this  same  period.  Moreover, 
we  advance  a  1-dimensional  convective  downdraft  model  to  explain  some  of  the 
characteristics  observed  in  these  peculiar  regions. 


INFLUENCE  OF  THE  BOUNDARY  CONDITIONS  ON  ALMOST  RIGID 
ROTATION  OF  SPHERICAL  LAYER  AND  EQUATORIAL  ACCELERATION 
OF  THE  PLANET-GIANT  ATMOSPHERES 

Nataly  M.  Astafyeva  (Spase  Research  Institute,  Profsoyuznaya,  84/32,  117810 
Moscow,  Russia,  ast@iki.rssi.ru) 

The  investigation  of  shear  viscous  flow  in  a  spherical  layer  dye  to  a  coaxial  rotation 
of  boundary  spheres  may  help  to  understand  some  general  laws  of  global  motions  in 
planetary  atmospheres.  The  numerical  simulation  allow  to  choose  the  certain  process 
and  to  consider  its  on  the  base  of  clear  mathematical  statement  under  the  certain 
strictly  controlled  conditions  and  with  the  minimum  of  main  assumptions  and 
independent  variables.  It  is  known  analytical  solution  (Proudman  &  Stewartson)  in 
almost  rigid  rotating  spherical  layer  in  the  limit  of  very  high  Reynolds  number  and 
very  low  Rossby  number:  thin  cylindrical  free  sheer  layer  (S-layer)  differentiate 
between  the  inner  inviscid  flow  with  Ekman  boundary  layers  on  the  spheres  and  outer 
rigid  rotating  area.  We  investigate  the  similar  solution  numerically  on  the  base  of 
Navier-Stokes  equations  under  the  rigid  and  free  boundary  conditions  on  the  outer 
sphere.  In  the  first  case  S-Iayer  lean  on  the  Ekman  layers  on  the  spheres,  but  in  the 
second  case  S-layer  come  to  the  free  boundary  and  result  in  sharp  changing  of  angular 
velocity  on  the  surface.  It  may  be  the  cause  of  an  equatorial  acceleration  of 
planet-giant  atmospheres. 


ON  THE  MODEL  OF  THE  TERRESTRIAL  GLOBAL 
CIRCUIT 

P.A.  Bespalov,  Yu.V.  Chugunov  and  S.S.  Davydenko  (Institute  of 
Applied  Physics,  46  Ulyanov  st.,  603600  Nizhny  Novgorod,  Russia) 

A  model  of  the  stationary  global  current  circuit  in  the  planetary 
atmosphere  is  considered.  A  contribution  of  the  thunderstorms  to 
the  global  circuit  is  modeled  by  the  latitude-dependent  radial  ex¬ 
ternal  non-linear  current  in  the  lower  planetary  atmosphere.  An 
influence  of  differential  rotation  of  the  planet  and  the  planetary 
plasma  envelope  is  also  taken  into  account  in  the  framework  of  the 
planetary  electric  generator  model.  Preliminary  approach  to  the 
description  of  the  electric  field  generation  by  the  viscous  azimuthal 
magnetospheric  flows  is  developed.  Formation  and  properties  of  the 
skin-layer  in  the  region  of  the  upper  atmosphere  current  loop  are 
discussed.  Distributions  of  the  electric  field  and  current  density  in 
the  terrestrial  atmosphere  is  found.  It  is  shown  that  the  approach 
applied  provides  the  averaged  basic  parameters  of  the  global  cur¬ 
rent  circuit  close  to  the  known  data  on  the  Earth’s  atmospheric 
electricity. 


GROUND-BASED  OBSERVATIONS  OF  TITAN’S  SURFACE 

A.  Coustenis  (1),  B.  Schmitt  (2),  C.  P.  McKay  (3),  E.  Lellouch,  M.  Combes, 
E.  Gendron,  R.  Wittemberg  (1)  and  J.  P.  Maillard  (4) 

(1)  DESPA,  Paris-Meudon  Observatory,  FRANCE,  (2)  LGGE,  Grenoble, 
FRANCE,  (3)  NASA/AMES,  CA  94035,  USA,  (4)  IAP,  Paris,  FRANCE. 
couatenisOobspm.fr/Fax:  [331]  45  07  74  69 

Observations  of  Titan  in  the  near  infrared  have  been  continuously  exercised 
from  the  ground  since  almost  a  decade  now,  bringing  new,  exciting  information 
on  the  nature  of  the  satellite’s  surface.  In  combination  with  images  from  the 
HST,  the  data  help  acquire  constraints  for  modeling  the  possibilities  of  a  ground 
which  has  avoided  direct  detection  even  by  space  missions. 

This  group  has  performed  spectroscopy  and  imaging  in  the  0.9-2. 5  micron  re¬ 
gion  by  using  different  techniques  and  instruments  such  the  Fourier  Transform 
Spectrometer  (FTS)  at  the  CFHT  (1991-1996),  the  ADONIS  camera  at  ESO 
(1993-1997)  and  the  PUEO  adaptive  optics  system  at  CFHT  (1997).  The  com¬ 
bination  of  the  data  obtained  by  these  methods  yield  information  on  the  Titan’s 
geometric  and  surface  albedo,  on  the  lightcurves,  on  the  ground  topography  and 
on  the  possible  constituents  on  the  surface  (Coustenis  et  al,  1995;  1997;  Combes 
et  al,  1997). 

We  will  give  a  report  on  the  state  of  art  of  our  current  comprehension  of  the 
still  viable  models  of  the  satellite’s  surface,  based  on  these  observations. 
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A  RADIATIVE-CONVECTIVE/PHOTOCHEMICAL  MODEL 

FOR  TITAN’S  ATMOSPHERE 
B.  Croke  (1)  and  I.  M.  Vardavas  (1,2,) 

(1)  Foundation  for  Research  and  Technology  -  Hellas,  Herakhon,  Crete,  Greece, 

(2)  Department  of  Physics,  University  of  Crete,  Heraklion,  Crete,  Greece. 
bfcOiesl.forth.gr/Fax:  [30]  81  391305 

A  radiative-convective/photochemical  model  is  being  developed  to  examine  the 
processes  which  determine  the  thermal  and  compositional  structure  of  Titan’s 
atmosphere,  in  anticipation  of  the  Cassini  Mission  results.  The  model  uses 
a  pressure  grid  and  extends  from  the  surface  to  800  km.  The  photochemical 
model  can  include  upto  60  chemical  species  in  an  unlimited  number  of  reactions 
including  ionisation  by  solar  radiation  upto  Lyman  beta.  Initial  work  has  in¬ 
volved  the  generation  of  the  vertical  temperature  structure  of  the  troposphere, 
stratosphere  and  upper  atmosphere,  in  order  to  understand  the  mam  radia¬ 
tion  transfer  processes  governing  the  thermal  structure  of  the  atmosphere.  The 
emphasis  has  been  to  explore  the  possible  atmospheric  heating  mechanisms, 
especially  methane  absorption  of  solar  radiation  and  ionisation  heating  in  the 
upper  atmosphere. 


GCM  SIMULATIONS  OF  THE  DUST  CYCLE  ON  MARS 

F.  Forget,  F.  Hourdin,  C.  Hourdin  and  0.  Talagrand 
Laboratoire  de  Meteorologie  Dynamique  du  CNRS,  Paris,  France. 
forget01md.jussieu.fr 

The  amount  of  dust  which  is  lifted  and  transported  by  the  martian  atmosphere 
is  one  of  the  most  variable  components  of  the  Martian  environment,  with  a 
strong  seasonal  cycle,  considerable  year  to  year  variations  and  large  spatial 
variations.  By  its  radiative  effects,  the  martian  atmospheric  dust  plays  a  major 
role  in  determining  the  climate  on  the  planet.  To  improve  our  knowledge  of 
the  dust  cycle  on  Mars,  and  better  simulate  the  related  changes  in  the  environ¬ 
mental  conditions,  we  have  included  an  interactive  dust  transport  model  in  our 
atmospheric  general  circulation  model  (GCM)  of  the  martian  atmosphere.  The 
resulting  model  is  able  to  simulate  the  lifting  of  the  dust  by  the  near  surface 
winds,  the  vertical  mixing  in  the  turbulent  boundary  layer  and  by  atmospheric 
convection,  the  advection  by  the  general  circulation,  and  gravitational  sedi¬ 
mentation.  This  model  is  used  to  study  the  various  mechanisms  that  control 
the  seasonal  cycle,  initiate  the  global  dust  storms,  and  possibly  account  for  the 
interranual  variability  of  the  climate. 


THE  ABUNDANCE  OF  CO  IN  THE  LOWER  TROPOSPHERE 
OF  TITAN  FROM  1.6  MICRON  SPECTROSCOPY 
C.  de  Bergh  (1),  R.  Courtin  (1),  D.  Gautier  (1),  T.  Owen  (2),  A.  Tokunaga  (2), 
E.  Lellouch  (1)  and  A.  Marten  (1) 

(1)  DESPA-CNRS,  Observatoire  de  Paris,  F-92195  Meudon,  (2)  Institute  for 
Astronomy,  Honolulu,  HI,  USA. 

High-resolution  spectra  of  Titan  near  1.6  fim  were  recorded  at  the  IRTF  in 
August  1993.  They  show  detailed  structure  associated  with  tropospheric  ab¬ 
sorption  on  Titan,  as  well  as  solar  and  telluric  features.  Because  of  the  high 
spectral  resolution,  the  solar  and  telluric  features  can  be  fairly  easily  modeled 
out.  The  resulting  Titan  spectrum  contains  five  well  contrasted  lines  from  the 
3-0  band  of  CO,  and  weaker  CH4  absorption  features.  The  absolute  flux  scale, 
however,  remains  undetermined.  On  Titan,  near-IR  radiation  is  scattered  by 
haze  particles  and  reflected  by  the  surface.  Various  constraints  exist  on  the 
haze  properties  and  on  the  global  reflectivity.  We  rely  on  the  haze  model  of 
McKay  et  ai  (1989)  and  on  measurements  by  Coustenis  et  ai  (1995).  Fitting 
both  the  geometric  albedo  and  the  CO  line  contrast  requires  a  surface  albedo 
of  0.10-0.20,  in  combination  with  a  haze  distribution  that  is  slightly  depressed 
compared  to  the  nominal  model.  We  find  a  CO  mole  fraction  of  (5.5±  2.0)  x  10“5 
in  the  lower  60  Km.  This  value  is  in  agreement  with  the  early  determination 
obtained  by  Lutz,  de  Bergh  and  Owen  (1983).  It  is  also  consistent  with  the 
values  derived  above  60  km  from  millimeter  line  measurements  (Gurwell  and 
Muhleman,  1995;  Hidayat  et  ai ,  1998).  It  is,  however,  incompatible  with  the 
abundance  inferred  by  Noll  ef  ai  (1996)  from  observations  in  the  5  Jim  window. 


ELECTROSTATIC  CHARGING  PROCESSES  IN  PLANETARY 

ATMOSPHERES 

R.  Grard 

Solar  Physics  Division,  Space  Science  Department  of  ESA,  ESTEC,  PO  Bax 
299,  2200  AG  Noordwijk,  The  Netherlands. 
rgrard6e8tec.esa.nl/Fax:  [31]  71  565  4697 

Electric  currents  and  quasi-static  fields  induce  asymmetries  in  the  properties 
of  planetary  atmospheres.  Bodies  moving  against  the  electric  field  collect  an 
excess  of  positive  ions  and  therefore  develop  positive  potentials;  bodies  which 
move  along  the  field  acquire  a  net  negative  charge  and  may  develop  negative 
potentials.  It  is  frequently  observed  in  the  Earth  atmosphere  that  balloons 
and  gondolas  have  positive  potentials  during  their  ascent,  but  not  during  their 
descent.  Similarly,  aerosols  carried  by  atmospheric  uplifts  transport  positive 
charges,  whereas  large  falling  droplets  are  charged  negatively.  This  process 
may  be  responsible  for  the  charge  separation  which  takes  place  within  clouds 
and  leads  to  thunderstorms.  Measuring  the  potential  of  bodies  ascending  or 
descending  in  a  planetary  atmosphere  will  therefore  reveal  the  existence  of 
eleetrid  fields  and  currents;  the  possible  consequences  for  the  Huygens  Probe 
which  will  parachute  through  the  atmosphere  of  Titan,  the  largest  satellite  of 
Titan,  in  2004,  are  discussed. 


A  MODEL  FOR  CHLOROACETALDEHYDE  SYNTHESIS  FROM 
ATMOSPHERIC  PRECURSORS  IN  THE  PRIMITIVE  EARTH 

C.  Estevez 

Institut  Universitari  de  Ciencia  i  Tecnologia.  Departament  de  Qufmica. 
Sabadell,  41.  Mollet  del  Valles  08100,  Barcelona,  Spain. 
labquim6catvorld.net/Fax:  [34]  3  5700627 

Chloroacetaldehyde  may  have  been  an  important  prebiotic  compound  since  it 
may  react  with  cyanide  aqueous  solutions  to  yield  acetyl  cyanide,  a  powerful 
acetylating  agent.  We  are  conducting  a  systematic  search  of  gas-phase  as  well 
as  aqueous-phase  reaction  pathways  leading  to  chloroacetaldehyde  synthesis 
in  the  primitive  Earth.  One  possibility  is  that  chloroacetaldehyde  was  formed 
in  aqueous  solution  from  vinyl  chloride  and  HOC1,  although  other  pathways 
are  equally  possible.  In  this  work  we  suggest  that  HOC1  and  vinyl  chloride 
can  be  produced  photochemically  from  HC1  and  acetylene.  In  analogy  with 
Venus  chlorine  stratospheric  chemistry,  two  important  chemical  pathways  may 
transform  HC1  into  Cl:  l)  direct  photolysis  of  HC1  by  UV  radiation,  and  2) 
reaction  of  HOx  radicals  with  HC1.  Once  Cl  is  available,  HOCl  can  be  produced 
by  recombination  of  Cl  with  OH  and,  analogously,  Cl2  is  formed  when  two 
Cl  atoms  recombine.  Addition  of  Cl  to  the  acetylene  triple  bond  followed  by 
H  abstraction  yields  vinyl  chloride.  A  zeroth-order  evaluation  of  wet  removal 
lifetimes  for  vinyl  chloride  and  molecular  chlorine  has  been  carried  out.  Our 
results  predict  a  significant  production  of  chloroacetaldehyde  from  atmospheric 
precursors  provided  that  adequate  sources  of  acetylene  and  Cl  were  available 
in  the  prebiological  atmosphere. 


CRYOVOLCANISM  ON  EUROPA:  GALILEO  RESULTS  IN  THE  NOMINAL 
MISSION 

Ronald  Greeley,  Sarah  Fagents,  Wendy  Schwarz,  James  Klemaszewski, (Arizona  State 
University);  Robert  Sullivan  (Cornell  Univ.);  James  Head  and  Robert  Pappalardo 
(Brown  Univ.)  and  the  Galileo  SSI  team 

Imaging  data  for  Europa  were  acquired  on  eight  of  the  orbits  of  Galileo  around  Jupiter, 
providing  new  insight  into  the  nature  and  evolution  of  the  surface.  A  variety  of  surface 
features  have  been  identified  that  can  be  attributed  to  cryovolcanic  processes 
(involving  the  generation  of  ice-rich  magmalike  materials  in  the  subsurface  and  their 
emplacement  on  the  surface).  These  features  include  small,  flat  patches  (possible 
frozen  ponds),  surface  RblistersS  which  could  represent  surface  deformation  by  dtapirs 
(Pappalardo  et  al.),  glacierlike  masses  which  appear  to  be  material  extruded  on  the 
surface,  and  small  (10-16  km),  aligned  dark  spots  which  could  represent  explosive 
venting. 
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A  TERRESTRIAL  CLOUD  ENSEMBLE  MODEL  TO  STUDY  THE 
ATMOSPHERES  OF  THE  GIANT  PLANETS 

T.  Guillot  (1,2),  A.M.  Tompkins  (3)  and  G.C.  Craig  (1) 

(1)  Dept,  of  Meteorology,  University  of  Reading,  PO  Box  243,  Reading  RG6 
6BB,  UK,  (2)  Observatoire  de  la  Cote  d’Azur,  BP  4229,  06304  Nice  Cedex 
04,  France,  (3)  Max  Planck  Institut  ff  Meteorologie,  Bundesstrasse  55,  20146 
Hamburg,  Germany. 

gu i llot Cobs -nice.lr/Fax:  4-33-4-92  00  31  21 

The  atmospheres  of  the  giant  planets  are  different  from  that  of  the  Earth  in 
three  ways:  (i)  They  have  no  surface,  (ii)  They  possess  a  significant  internal  heat 
flux,  (iii)  Condensates  are  heavier  than  hydrogen  and  helium,  hence  moist  air 
is  denser  than  dry  air.  A  3D  cloud  ensemble  model  successfully  applied  to  the 
Earth’s  tropics  is  used  to  study  the  impact  of  the  condensates’  large  molecular 
mass  on  atmospheric  convection.  The  model  consistently  predicts  temperature 
and  mass  mixing  ratio  profiles.  An  experiment  consisting  of  arbitrarily  increas¬ 
ing  the  mass  of  the  molecule  that  condenses  (water),  thus  mimicking  the  large 
water  to  hydrogen  mass  ratio  relevant  of  the  giant  planets,  shows  a  progres¬ 
sive  increase  of  the  temperature  gradient  (i.e.  the  temperature  profile  becomes 
steeper  as  moist  air  becomes  less  buoyant).  It  is  also  seen  that  temperature 
perturbations  become  more  important  in  order  to  balance  the  stabilising  com¬ 
positional  gradient.  This  has  important  consequences  for  our  understanding  of 
the  atmospheres  and  interior  of  Jupiter,  Saturn,  Uranus  and  Neptune,  and  in 
particular  for  the  analysis  of  spectroscopic  data  in  regions  of  cloud  formation. 


PRESSURE  OBSERVATIONS  IN  THE  MARTIAN  SOUTHERN 
POLAR  REGION:  MVACS  /MET-P 

A.-M.  Harri  (1),  J.  Polkko  (1),  T.  Siilifl)  and  D.  Crisp  (2) 

(1)  Finnish  Meteorological  Institute,  P.O.  Box  503,  00101  Helsinki,  Finland, 

(2)  NASA  /  Jet  Propulsion  Laboratory. 

Ari-Matti.HarriCfmi.fi/Fax:  4-358-9-1929  4603 

Pressure  observations  are  crucial  for  the  success  of  the  Meteorology  (MET) 
package  for  the  Mars  Volatiles  and  Climate  Surveyor  (MVACS)  expected  to 
land  on  Mars  in  December  1999  (L,«  257°),  nominally  to  the  location  71°S 
210°W. 

The  Martian  atmosphere  goes  through  a  large  scale  atmospheric  pressure  cycle 
due  to  the  annual  condensation/sublimation  of  the  atmospheric  carbon  dioxide. 
Pressure  also  exhibits  short  period  variations  associated  with  dust  storms,  tides, 
dust  devils  and  other  atmospheric  events.  A  series  of  pressure  measurements 
can  hence  tell  us  about  the  large  scale  state  and  dynamics  of  the  atmosphere. 
The  shorter  time  scale  phenomena  are  also  important  in  contributing  to  our 
understanding  of  mixing  and  transport  of  heat,  dust,  and  water  vapor. 

The  sensing  element  of  the  MET-P  will  comprise  four  Barocap  radiosonde  type 
sensors  manufactured  by  the  Vaisala  Inc.  Similar  sensors  were  used  in  the  Mars- 
96  landing  elements,  and  will  also  fly  onboard  the  Huygens/Cassini  as  a  part 
of  the  atmospheric  structure  instrument. 

The  characteristics  of  the  seasonal  and  shorter  term  pressure  variations  antici¬ 
pated  to  take  place  place  at  the  MVACS  landing  site,  the  design  of  the  MET-P 
instrument  and  the  predicted  performance  thereof  are  discussed. 


EVIDENCE  FOR  A  STRONG  ^N/^N  ENRICHMENT  IN  TI¬ 
TAN’S  ATMOSPHERE  FROM  MILLIMETER  OBSERVATIONS 
T.  Hidayat  and  A.  Marten 

DESPA,  Observatoire  de  Paris-Meudon,  92195,  Meudon,  France. 
hidayattoesioa.obspm.fr/Fax:  [33]  1  45077469 

We  present  heterodyne  observations  of  Titan  performed  with  the  IRAM  30-m 
telescope  in  July  1997.  Two  lines  of  hydrogen  cyanide  were  simultaneously 
recorded  at  high  spectral  resolution  in  order  to  infer  the  isotopic  ratio  14N/15N 
The  lines  of  HC15N(3-2)  at  258.157  GHi  as  well  as  that  of  HC14N(l-0)  at  88.63 
GHi  were  measured  with  a  high  signal-to-noise  ratio.  Analysis  of  the  HCN(l-O) 
line  yields  a  HCN  vertical  profile  in  excellent  agreement  with  that  proposed  by 
Hidayat  et  al.  (1997,  Icarus  126, 170).  Moreover,  the  data  recorded  at  the  high¬ 
est  resolution  (78  kHi)  provide  constraints  on  this  profile  up  to  an  altitude  of 
about  450  km,  assuming  a  nominal  thermal  profile.  This  distribution  was  used 
to  accurately  derive  the  HC14N/HC15N  ratio.  Direct  comparison  of  measured 
spectra  with  synthetic  appropriate  calculations  shows  that  this  ratio  is  equal 
to  60  within  10%  uncertainty.  We  conclude  that  Titan’s  atmosphere  is  highly 
enriched  in  15N  by  a  factor  of  4.5  as  we  consider  the  terrestrial  value  of  272  for 
the  14N/15N  ratio.  Titan  is  therefore  the  second  object  in  the  Solar  System, 
after  Mars,  which  presents  an  isotope  anomaly  in  nitrogen.  Although  the  en¬ 
richment  factor  of  1.62  existing  on  Mars  is  not  well  interpreted  by  the  current 
models,  we  used  similar  hypotheses  to  first  explain  our  result.  In  fact,  such 
models  cannot  predict  adequately  the  strong  enrichment  observed  on  Titan. 
Other  considerations  on  nitrogen  isotope  fractionation  are  thus  discussed. 


DYNAMICS  OF  TITAN’S  ATMOSPHERE  :  IMPLICATION  OF 
TRANSIENT  ACTIVITY  FOR  THE  SUPERRO RATION  AND 
TRANSPORT  OF  TRACE  SPECIES 

F.  Hourdin  (1)  and  D.  Luz  (2) 

(1)  Laboratoire  de  Meteorologie  Dynamiquedu  CNRS,  Jussieu,  Paris,  France, 

(2)  Faculdade  de  Ciencias  de  Lisboa,  Portugal, 
hourd inOlmd .jussieu.fr 

The  dynamics  of  the  stratosphere  of  Titan  is  believed  to  be  dominated  by  a 
strong  Venus-like  superrotation  with  zonal  winds  of  the  order  of  100  m/s  near 
1  mbar,  corresponding  to  about  10  times  the  rotation  of  the  solid  planet. 
Transient  quasi-barotropic  eddies  transporting  angular  momentum  toward  the 
equator,  against  the  mean  meridional  gradient,  play  a  major  role  in  the  angular 
momentum  budjet  and  in  the  maintenance  of  superrotation.  A  detailed  study 
of  those  waves  is  undergoing  in  the  frame  of  a  collaboration  between  LMD  and 
Faculdade  de  Ciencias  de  Lisboa. 

We  present  some  first  results  of  this  study  as  well  as  a  dicussion  of  the  impli¬ 
cation  for  the  meridional  transport  of  trcae  species  in  Titan’s  atmosphere. 


GALILEO/NIMS  DETERMINATION  OF  THE  DEEP  COMPOSI¬ 
TION  AND  CLOUD  STRUCTURE  OF  JUPITER 

P.  G.  J.  Irwin  and  F.  W.  Taylor,  S.  B.  Calcutt,  A.  L.  Weir,  S.  E.  Smith,  A. 
Lambert,  P.  J.  Cameron-Smith 

Atmospheric,  Oceanic  and  Planetary  Physics,  University  of  Oxford,  England. 

The  Galileo  Near  Infrared  Mapping  Spectrometer  (NIMS)  recorded  the  first 
ever  complete  spectra  of  the  atmosphere  of  Jupiter  from  0.7  to  5.2  /im  at  a 
resolution  of  0.025  jim  without  the  contamination  of  terrestrial  absorption. 
We  have  analysed  a  subset  of  these  data  with  a  full  multiple  scattering  model 
utilising  correlated-F  and  the  matrix  operator  method.  Cloud  particles  were 
modelled  as  Henyey-Greenstein  scatterers  with  spectrally  dependent  properties 
similar  to  Mie  spheres  of  real  possible  cloud  constituents. 

We  find  that  at  least  three  cloud  layers  are  required  to  simulate  the  near-infared 
spectra  of  Jupiter  with  cloud  bases  near  1.35,  0.7  and  0.2  bars.  The  dominant 
5-/im  absorber  is  determined  to  have  a  flat  5-/im  absorption  spectrum  and  to 
exist  at  some  level  between  these  clouds  and  the  peak  of  the  5-pm  weighting 
function  at  6-8  bars.  Large  NH4SH  particles  are  considered  to  be  the  most 
likely  candidate. 

We  find  that  the  volume  mixing  ratios  of  CH3D  and  PH3  in  the  2-6  bar  range 
are  4.9  x  10"7  and  7.7  x  10“7  respectively  and  that  the  fractional  scale  height  of 
PH3  above  1  bar  is  approximately  27%.  The  relative  humidities  of  water  vapour 
(2-6  bar)  and  ammonia  are  determined  to  be  7%  and  14%  respectively  with 
the  latter  showing  a  significant  anti-correlation  with  mean  5-/im  brightness, 
consistent  with  the  proposal  that  these  are  areas  of  dessicated  downwelling  air. 


OPACITY  OF  THE  MARTIAN  ATMOSPHERE  FROM  MARS 
ORB  ITER  LASER  ALTIMETER  OBSERVATIONS 

A.  B.  Ivanov  and  D.  O.  Mulileman 

California  Insitute  of  Technology,  Pasadena,  CA,  91125,  USA. 
anton«gpa . caltech.edu/Fax:  626-585-1917 

MOLA  (Mars  Orbiter  Laser  Altimeter)  has  performed  a  unique  measurement 
of  the  reflected  laser  energy  from  the  underlying  terrain.  This  quantity  can  be 
interpreted  as  a  product  of  albedo  of  the  surface(A)  and  atmospheric  transmis¬ 
sion  (e“2r),  where  r  is  opacity.  We  decided  to  use  Viking  Orbiter  Color  Mosaic 
images  (red  filter)  as  a  first  order  estimate  for  the  albedo  of  the  surface.  Using 
this  estimate  we  are  able  to  calculate  atmospheric  opacity.  We  have  performed 
this  calculation  for  several  tracks  that  occurred  north  of  the  Elysium  region. 
We  will  present  comparisons  of  calculated  opacity  with  observations  by  Viking 
2  lander,  which  is  in  the  same  region.  Tracks  were  separated  in  time  by  one 
Martian  day  and  cover  almost  two  months  (L,  =  180  -  210).  Data  shows  an 
increase  in  opacity  of  the  atmosphere  with  time.  This  is  expected,  since  the 
dust  storm  season  is  approaching.  Also,  opacities  for  the  equatorial  regions  are 
lower  than  we  expected  (0.2-0.25).  We  have  also  observed  sudden  decreases 
in  the  reflected  energy,  which  can  not  be  explained  by  albedo  variations  of  the 
surface.  We  argue  that  this  is  due  to  the  water  clouds,  which  are  known  to  form 
in  the  northern  regions  of  Martian  atmosphere.  An  analogous  event  happened 
over  the  Valles  Marineris  canyon.  We  suggest  that  the  laser  beam  is  scattered 
by  the  late  afternoon  fog  in  the  valleys. 
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A  PLAUSIBLE  VERSION  OF  PLUTO’S  ATMOSPHERE 

V.  A.  Krasnopolsky  (CUA/NASA  GSFC),  D.  P.  Cruikshank  (NASA  Ames) 
VKras@lepvx3.gsfc  .nasa.gov 

We  assume  that  the  observed  bottom  of  the  atmosphere  at  r  ~  1 198  km  is 
a  tropopause  where  N2  is  saturated  at  T  -  35.2  K  and  p  -  3.1  pbar.  The 
troposphere  with  wet  adiabatic  gradient  of  >0.1  K/km  extends  down  to  the 
surface  at  r0  =  1164  km  where  TQ  =  38.6  K  and  p0  =  26  pbar  agree  with 
the  measured  value  of  40  ±  2  K  and  the  N2  saturation  condition.  The 
observed  CH4  should  be  corrected  to  these  temperatures  and  has  a  mixing 
ratio  of  0.006.  Photolysis  of  CH4  occurs  at  1550-1600  km,  and  molecular 
diffusion  prevents  depletion  of  methane.  Condensation  of  photochemical 
products  (hydrocarbons  and  nitriles)  at  T  «  100  K  is  not  so  effective  as  on 
Triton,  and  photochemistry  is  more  similar  to  that  on  Titan.  Photochemical 
haze  may  include  species  absorbing  in  the  near  ultraviolet  and  affecting  the 
thermal  balance  at  1200-1400  km.  Methane  abundance  exceeds  by  twofold 
that  in  the  best  model  of  Strobel  et  ai.  ( Icarus  120,  266,  1996),  therefore 
CO  (which  cools  the  atmosphere)  is  also  doubled  to  0.00 1 .  Escape  of  CH4 
is  diffusion  limited  at  2X1026  s’1.  Diffusion  separation  of  CH4  is  ineffective, 
and  methane  is  a  minor  species  in  the  thermosphere.  Modeling  of  heating 
by  methane  at  100-140  run  results  in  [N2]  *  3.4*  1010  cm'3  and  T*  135  K  at 
1900  km.  EUV  global-mean  heating  by  N2  is  3x10^  erg  cmV  (e  =  0.25). 
Using  the  McNutt  approximation,  we  find  the  N2  escape  of  2.5*  1027  s  l. 


DETECTION  OF  ATOMIC  DEUTERIUM  ON  MARS 

V.  A.  Krasnopolsky  (CUA/NASA  GSFC),  M.  J.  Mumma  (NASA  GSFC), 
G.  R.  Gladstone  (Southwest  Research  Institute) 
VKras@lepvx3.gsfc.nasa.gov 

We  observed  Mars  at  1212-1218  A  with  resolution  of  0.07  A  during 
1.57*104  s  using  the  HST  Goddard  high-resolution  spectrograph.  The 
instrument  field  of  view  of  1230x1230  km2  was  centered  at  the  martian 
limb.  Mars  had  geocentric  velocity  of  -15.4  km/s,  was  near  aphelion  at  the 
solar  minimum,  and  the  expected  Tm  ~  180  K.  The  observation  revealed 
Mars’  deuterium  Ly-a  line  with  intensity  of  23  ±  8  Rayleighs.  To 
reproduce  the  measurement,  we  constructed  a  model  with  HD  density  at 
the  lower  boundary  of  80  km  as  the  model  parameter.  HD  forms  D  in 
reactions  with  C02+,  0+,  and  0(JD).  We  consider  nonthermal  escape  of  H, 
H2,  D,  and  HD  which  was  ignored  in  previous  models  and  is  a  dominant 
loss  mechanism  for  H2,  D,  and  HD  at  solar  minimum.  We  applied  the 
model  results  to  a  radiative  transfer  code  in  spherical  atmosphere.  The 
measured  intensity  corresponds  to  HD/H2  —  (2.5  ±  l^lO"4  at  80  km  which 
is  smaller  by  a  factor  of  6  than  HDO/H20  in  the  lower  atmosphere. 
Therefore,  fractionation  of  HD/H2  relative  to  HDO/H20  is  not  kinetically 
controlled  by  the  rates  of  formation  and  destruction  of  H2  and  HD,  but  is 
controlled  thermodynamically  by  the  isotope  exchange  HDO  +  H2  <->  HD 
+  H20.  The  escape  ratio  <V<X>h:(D/H)h2o  is  002  for  mcan  solar  activity‘ 


MODELING  THE  SEASONAL  VARIATIONS  IN  TITAN’S  ATMO¬ 
SPHERIC  COMPOSITION 
S.  Lebonnois  and  D.  Toublanc 

CESR,  9  av.  du  Col.  Roche,  BP  4346,  F-31029  Toulouse  cedex  4. 
slebonnoCcesr.fr/Fax:  [33]  5  61  55  67  01 

In  order  to  model  seasonal  and  latitudinal  variations  of  the  composition  of 
Titan’s  atmosphere,  we  have  used  an  updated  photochemical  model  based  on 
Toublanc  et  al.}  Icarus  113,2-26  (1995),  taking  into  account  the  seasonal  cycle 
at  different  latitudes,  and  in  a  first  step,  no  general  circulation  was  added. 
To  model  high  latitude  winter  conditions,  more  realistic  photolysis  rates  have 
been  obtained  using  a  3D  radiative  transfert  Monte-Carlo  code.  Atmospheric 
composition  is  computed  for  the  four  seasons,  at  latitudes  from  the  equator 
to  70°.  These  results  are  presented  and  discussed  in  comparison  to  Voyager 
observations  ( Coustenis  et  a/.,  Icarus  115,  126-140  (1995)  ).  Possible  effects  of 
the  general  circulation  are  also  discussed. 


SPACE  TELESCOPE  IMAGING  SPECTROGRAPH  OBSERVATIONS 
OF  THE  TROPOSPHERE  AND  SURFACE  OF  TITAN 

MT  T  pmmon.  P.H.  Smith,  and  R.D.  Lorenz  (Univ.  Arizona) 

Spatially  resolved  spectra  of  the  bright  and  dark  sides  of  Titan  were 
obtained  in  the  0.3-  to  l-O-Jim  range  by  the  Space  Telescope  Imaging 
Spectrograph  (STIS).  The  difference  spectrum  (bright  -  dark)  is  the  product 
of  the  difference  in  surface  reflectivity  and  the  atmospheric  transmission. 
Methane  absorption  dominates  the  atmospheric  extinction:  the  width  and 
shape  of  each  of  the  methane  windows  constrains  the  methane  abundance. 
Preliminary  analysis  of  the  methane  window  shape  suggests  3.5  km-Am  of 
methane  (or. about  an  8%  mixing  ratio  at  the  surface).  Uncertainties  will  be 
investigated  and  presented.  The  signal  from  the  surface  declines  with 
decreasing  wavelength:  in  large  part,  this  must  be  due  to  increasing  haze 
opacity  at  shorter  wavelengths,  but  the  possibility  of  a  wavelength 
dependent  surface  spectrum  will  be  investigated.  At  the  center  of  the  disk, 
the  surface  signal  is  observed  at  wavelengths  as  short  as  about  0.6  pm  away 
from  the  center,  the  surface  is  only  seen  at  wavelengths  greater  than  about 
0.7  pm.  Note  that  the  observed  surface  signal  is  the  difference  between  two 
regions  that  are  nearly  the  brightness  extremes,  and  do  not  necessarily 
reflect  contrast  over  small  spatial  scales. 


High-altitude  haze  effects  on  Titan’s  atmosphere 

H.  Lammer*.  W.  Stumptner*,+,  S.J.  Bauer*,+ 

(Space  Research  Institute,  *  Austrian  Academy  of  Sciences,  Graz, 
and  +Institute  for  Meteorology  and  Geophysics  University  of  Graz, 
Austria) 

We  have  investigated  the  role  of  aerosole  particles  in  the  atmo¬ 
spheric  energy  balance  in  the  upper  atmosphere  of  Saturn’s  large 
moon  Titan.  In  our  analysis  the  aerosole  particles  absorb  solar  radi¬ 
ation,  emit  in  the  infrared  (IR),  and  are  energetically  linked  to  the 
surrounding  gas  by  thermal  conduction.  We  investigate  the  order 
of  aerosole  heating/cooling  in  Titan’s  upper  atmosphere  from  450 
km  up  to  700  km.  Our  results  suggest  that  aerosole  heating/cooling 
may  influence  the  energy  balance  of  Titan’s  upper  atmosphere. 


NUMERICAL  MODEL  OF  THE  ATMOSPHERIC  CIRCULATION 
OF  THE  OUTER  PLANETS 
V.  Lesueur,  A.  Mangeney  and  P.  Drossart 

Observatoire  de  Meudon,  Departement  de  Recherche  Spatiale  (DESPA),  5  place 
Jules  Janssen,  92195  Meudon  Cedex,  France. 

We  present  some  results  on  the  numerical  simulation  of  the  atmospheric  cir¬ 
culations  of  the  outer  planets  of  the  Solar  System,  taking  into  account  the 
inclination  of  their  rotation  axis  with  respect  to  the  ecliptic  plane  (which  im¬ 
plies  a  different  latitudinal  mean  solar  heating). 

For  sinall  angles  (such  as  27  degrees,  which  corresponds  to  Saturn  and  Nep¬ 
tune),  the  dynamics  is  not  strongly  affected  by  the  inclination,  apart  from 
certain  features  of  the  momentum  and  heat  transfers.  On  the  contrary,  when 
the  inclination  is  98  degrees,  as  is  the  case  for  Uranus,  the  dynamics  is  com¬ 
pletely  changed.  In  particular,  the  temperature  field  has  no  radial  variations 
and  the  sign  of  velocity  field  is  opposite  to  the  Jovian  circulation. 
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VALIDATION  OF  A  MARTIAN  GENERAL  CIRCULATION 
MODEL  AGAINST  RECENT  OBSERVATIONS  FROM  MARS 
PATHFINDER  AND  MARS  GLOBAL  SURVEYOR 

S.R.  Lewis 

University  of  Oxford,  Department  of  Physics,  Atmospheric,  Oceanic  and  Plan¬ 
etary  Physics,  Clarendon  Laboratory,  Parks  Road,  Oxford  0X1  3PU}  U.K.. 
s. lewislCphysics.oxford.ac.uk/Fax:  [+44]  1865-272923 

Martian  General  Circulation  Models  have  been  developed  jointly  between  Labo- 
ratoire  de  Meteorologie  Dynamiquedu  CNRS,  Paris,  and  Atmospheric,  Oceanic 
and  Planetary  Physics,  Oxford.  Results  from  these  models  form  the  basis  of 
a  climate  database,  described  in  a  companion  paper  (Lewis  et  ai).  The  mod¬ 
els  have  been  calibrated  using  the  few  direct  observations  of  the  Martian  at¬ 
mosphere;  mainly  measurements  made  by  the  Mariner  9,  Viking  and  Phobos 
spacecraft.  However,  current  and  forthcoming  missions  will  provide  much  new 
data  against  which  the  models  may  be  tested. 

This  paper  describes  a  direct  comparison  made  between  the  Oxford  model 
and  observations  of  temperature,  wind  and  pressure  from  Mars  Pathfinder. 
Many  aspects  of  the  observations  are  also  present  in  the  model;  some  signifi¬ 
cant  differences  may  be  ascribed  to  lack  of  knowledge  of  the  topography  and 
surface  properties  and  to  the  scales  of  motion  which  the  global  model  is  able 
to  represent.  Preliminary  temperature  soundings  from  the  Thermal  Emission 
Spectrometer  onboard  Mars  Global  Surveyor  have  also  been  released  and  these 
are  compared  with  model  predictions.  The  level  of  agreement  depends  upon  the 
assumed  model  dust  distribution,  and  is  consistent  with  independent  estimates. 


A  CLIMATE  DATABASE  FOR  THE  MARTIAN  ATMOSPHERE 

S.R.  Lewis  (1),  M.  Collins  (1),  P.L.  Read  (1),  F.  Forget  (2),  R.  Fournier  (2), 
C.  Hourdin  (2),  F.  Hourdin  (2),  0.  Talagrand  (2)  and  J.-P.  Huot  (3) 

(1)  University  of  Oxford,  Department  of  Physics,  Clarendon  Laboratory,  Parks 
Road,  Oxford  0X1  3PU,  U.K.,  (2)  Laboratoire  de  Meteorologie  Dynamique 
du  CNRS,  Universite  Paris  6,  4  place  Jussieu,  75252  Paris  Cedex  05,  France, 
(3)  European  Space  Research  and  Technology  Centre,  Noordwijk,  The  Nether¬ 
lands. 

s. lewislCphysics.oxford.ac.uk/Fax:  [+44]  1865-272923 

A  database  of  statistics  which  describe  the  climate  and  surface  environment 
of  Mars  has  been  constructed  based  directly  on  output  from  multi-annual  in¬ 
tegrations  of  two  General  Circulation  Models  developed  jointly  at  Laboratoire 
de  Meteorologie  Dynamique  du  CNRS,  Paris,  and  Atmospheric,  Oceanic  and 
Planetary  Physics,  Oxford,  with  support  from  the  European  Space  Agency.  The 
models  have  been  validated  to  reproduce  the  main  features  of  the  meteorology 
of  Mars,  as  observed  by  past  spacecraft  missions.  As  well  as  the  usual  statistical 
measures,  the  database  includes  a  novel  representation  of  large-scale  variabil¬ 
ity,  using  empirical  eigenfunctions  derived  from  an  analysis  of  the  simulations, 
and  small-scale  variability  using  parameterizations  of  processes  such  as  gravity 
wave  propagation.  The  database  may  be  used  as  a  tool  for  mission  planning, 
and  also  provides  a  valuable  resource  for  scientific  studies  of  the  Martian  atmo¬ 
sphere.  Results  from  such  analyses  are  presented  here.  The  database  is  being 
updated  as  new  observations  become  available  and  the  models  are  improved. 
A  version  may  be  sampled  at  http://www.lmd.jussieu.fr/mars.html. 


DRAMATIC  SEASONAL  CHANGE  ON  TITAN  OBSERVED  BY 
HST  WFPC-2 

R«  D.  Lorenz,,  M.  T.  Lemmon  and  P.  H.  Smith  (  Lunar  and  Planetary  Lab, 
University  of  Arizona,  Tucson,  AZ  85721,  USA) 

We  have  observed  Titan  using  the  Hubble  Space  Telescope  Planetary  Camera  2 
in  1994, 1995  and  1997.  This  provides  us  with  an  unequalled  dataset  of  imaging 
using  the  same  instrument  and  the  same  filters  (at  336,  439,  549,  588,  619,  673 
and  889nm)  over  seasonal  timescales.  The  North-South  asymmetry^in  albddite 
was  at  its  maximum  in  1994-1995  and  was  expected  to  decline  somewhat  (by 
30%  or  so)  by  late  1997.  Remarkably,  we  find  that  the  drop  in  asymmetry 
has  been  substantially  faster,  and  at  some  wavelengths  the  asymmetry  has 
reversed,  which  was  not  expected  until  2002.  We  also  note  a  pronounced  drop 
in  the  limb-darkening  coefficient  at  most  wavelengths.  These  results  suggest 
dramatic  changes  in  the  haze  optical  properties  as  a  function  of  latitude,  over 
timescales  much  shorter  than  one  season,  and  we  challenge  modellers  to  suggest 
likely  mechanisms.  The  results  also  caution  against  the  use  of  globally-  and 
temporally-  averaged  haze  models  to  recover  surface  albedos  on  Titan  :  the 
haze  is  non-uniform  and  highly  dynamic. 


NUMERICAL  STUDY  OF  SPATIAL  AND  SEASONAL  DISTRI¬ 
BUTIONS  OF  TRACE  GASES  IN  THE  MARTIAN  MIDDLE  AND 
LOWER  ATMOSPHERE 

D.  Moreau  (1),  A.  Marten  (2),  Y.  Biraud  (2)  and  R.  Moreno  (2) 
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(2)  DESPA,  Observatoiie  de  Paris-Meudon,  92195,  Meudon,  France. 

Didier .  Moreaufibira-iasb .  oma  .ba/Fax:  [32]  2  3748423 

The  current  chemical  stability  of  the  Martian  CO2  atmosphere  against  UV 
photolysis  remains  intriguing  in  many  aspects.  A  mechanism  was  proposed  by 
Parkinson  and  Hunten  (J.  Atmos.  Set.,  29,  1380,  1972)  invoking  the  oxidation 
of  CO  to  CO2  by  OH  catalysis.  It  appears  today  that  hydrogen  peroxide  may  be 
the  key  atmospheric  trace  constituent  for  the  chemical  regulation  of  #2,  O2  and 
COin  the  Martian  atmosphere.  Nevertheless,  no  detection  of  H2O2  or  HO2  has 
been  ever  done.  Moreover,  from  infrared  observations  performed  during  the  last 
Phobos  2  mission  in  1988,  Korablev  et  al  ( Planet .  Space  Set.,  41,  441,  1993) 
proposed  that  two  measured  absorption  bands  be  attributed  to  formaldehyde. 
In  this  framework,  an  updated  version  of  our  two-dimensional  model  (Moreau 
et  al.,  J.  Geophys.  Res.,  96,  7933,  1991)  has  been  used  to  calculate  meridional, 
vertical  and  seasonal  distributions  of  trace  gases  in  the  Martian  atmosphere. 
Simulations  have  been  constrained  by  millimeter  observations  of  minor  species 
(i.e.  HO2,  H2O2,  CH^O,  CH$OB,  CH3COOH )  we  obtained  with  the  IRAM 
30-m  telescope  (Granada,  Spain)  as  well  as  by  a  new  upper  limit  of  methane 
abundance  published  by  Krasnopolski  et  al.  (BAAS,  26,  1124,  1994).  Finally, 
we  discuss  the  potential  formation  of  organic  compounds  such  as  CH2  O. 


A  PRELIMINARY  STUDY  OF  DUST  ADVECTION  ON  MARS 
USING  WINDS  FROM  THE  OXFORD  MARS  GENERAL  CIR¬ 
CULATION  MODEL 

C.E.  Newman,  S.R.  Lewis  and  P.L.  Read 

University  of  Oxford,  Department  of  Physics,  Clarendon  Laboratory,  Parks 
Road,  Oxford  0X1  3PU,  U.K.. 

newmancCphy s  ics .  oxford .  ac .  uk/Fax:  [+44]  1865-272923 

The  presence  of  dust  on  Mars  has  a  very  significant  effect  on  its  climate  and 
meteorology.  Dust  heating  affects  thermal  structure  and  hence  pressure  and 
wind  fields.  Because  of  this  large  impact,  there  is  usually  a  very  pronounced 
difference  between  a  model  simulation  with,  for  example,  a  relatively  dust  free 
atmosphere,  and  one  with  a  dust  distribution  typical  of  a  great  dust  storm.  Also, 
defining  a  dust  distribution  which  is  constant  in  time  is  unrealistic;  variations 
in  dust  loading  are  a  major  cause  of  inter-annual  variability  in  the  Martian  at¬ 
mosphere.  This  study  is  preliminary  to  producing  a  full  dust  transport  scheme, 
which  will  be  run  actively  with  a  Martian  GCM,  (i.e.,  radiative  feedback  and 
dust  sources  and  sinks  will  be  involved).  The  preliminary  model  looks  at  two- 
dimensional  advection  on  a  spherical  surface.  The  advection  scheme  used  is 
Semi-Lagrangian,  in  which  the  value  of  the  tracer  -  here  the  dust  mixing  ratio  - 
is  determined  by  looking  upstream.  The  accuracy  and  mass  conservation  prop¬ 
erties  of  the  method  will  be  discussed,  and  the  results  of  advecting  an  initially 
passive  dust  distribution,  using  horizontal  winds  obtained  from  a  version  of  the 
Oxford  Mars  GCM,  will  be  presented. 


THE  MIXING  HEIGHT  OF  THE  MARTIAN  BOUNDARY 
LAYER,  MODEL  PREDICTIONS. 

A.  Petrosyan  (1)  and  A.-M.  Harri  (2) 
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The  key  features  of  the  Martian  boundary  layer  allow  us  to  assume  that  its  role 
on  the  global-scale  and  meso-scale  atmospheric  flows  in  Mars  are  different  from 
the  one  at  the  Earth.  At  first  Mars  has  a  complicated  nonhomogeneous  terrain 
making  the  formation  of  a  shear  driven  turbulent  boundary-layer  easy  during 
the  night,  and  further,  it  makes  boundary-layer  nonhomogeneous  in  convective 
conditions.  At  second,  all  diagnostic  evaluations  of  the  Martian  boundary  layer 
height  predict  it  not  to  be  small  in  comparision  of  the  tropospheric  height. 
All  above  mentioned  makes  the  mixing  height  a  key  parameter  in  the  Mars 
atmosphere  studies.  In  suggested  presentation  we  discuss  different  prognostic 
models  for  Mars  mixing  height  determination  and  predict  its  diunal  evolution 
for  Viking  landing  sites.  In  our  mixing  height  model  for  Mars  we  assume  that 
in  the  morning  the  mixing  layer  is  nearly  neutrally  stratified.  Hence  the  height 
of  the  shear  driven  turbulent  boundary  layer  in  the  morning  is  used  as  the 
initial  condition  to  solve  prediction  equations  for  the  mixing  height.  The  main 
model  assumption  in  Mars  mixing  modeling  is  that  development  of  an  unstable 
boundary  layer  is  governed  by  same  kind  of  similarity  relations  that  are  also 
applicable  at  the  surface  layer  with  new  dimensionless  characteristics  connected 
with  mixing  height. 
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EFFECTS  OF  HAZE  AND  DYNAMICS  COUPLING  IN  TITAN’S 
ATMOSPHERE 

P.  Rannou  (1),  F.  Hourdin  (2),  C.P.  McKay  (3)  and  M.Cabane  (4) 

(1)  Service  d’Aeronomie,  BI02,  Univ.  Paris  6,  4,  place  Jussieu,  75252  Paris 
cedex  05,  France,  (2)  Laboratoire  de  Meteorologie  Dynamique,  Ecole  Nor- 
male  Superieure,  24,  rue  Lhomond,  75231  Paris  Cedex  05,  France,  (3)  NASA 
Ames  Research  Center,  245-3,  Moffet  Field,  CA  94035,  U.S.A,  (4)  Service 
d’Aeronomie,  B102,  Univ.  Paris  6,  4,  place  Jussieu,  75252  Paris  cedex  05, 
France. 

A  new  model  of  atmospheric  circulation  in  Titan  that  takes  into  account  the 
effect  of  haze  redistribution  due  to  winds  and  latitudinal  asymmetry  in  heating 
by  visible  light  due  to  the  asymmetric  haze  component  is  now  working.  This 
approach  would  permit  to  explain  some  observations  not  explained  either  by 
the  previous  GCM  (hourdin  et  al.,1995)  or  by  other  studies  such  as  the  ob¬ 
served  latitudinal  temperature  gradient,  wind  profile  and  the  latitudinal  haze 
structure  related  to  the  seasonnal  albedo  asymmety.  We  also  investigate  the 
effect  of  the  aerosol  structure  (spherical  or  fractal)  on  the  radiative  transfer. 
The  purpose  of  this  work  is  to  provide  the  clearest  as  possible  view  of  the 
complex  structure  of  the  atmosphere,  and  to  determine  the  important  coupled 
processes  that  govern  the  dynamics,  the  thermal  balance  and  the  haze  distri¬ 
bution. 


THE  DYNAMICS  AND  KINETIC  THEORY  OF  THE  NONTHER- 
MAL  ESCAPE  OF  H  AND  D  FROM  MARS  AND  VENUS  BY  EN¬ 
ERGETIC  OXYGEN  ATOMS 
Bernie  D.  Shizgal  and  Gregory  G.  Arkoe 

Department  of  Chemistry,  and  Department  of  Earth  and  Ocean  Sciences,  Uni¬ 
versity  of  British  Columbia,  Vancouver,  B.C.  V6T  1Z1,  Canada, 
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Dissociative  recombination  of  Of ,  Of  +  e  -f  O  +  O,  produces  energetic  oxygen 
atoms.  These  “hot”  oxygen  atoms  can  transfer  their  excess  energy  by  collision 
with  H  and  D.  A  detailed  comparison  of  recently  published  OH,  X2II,  2£  ,  4II 
and  potentials  is  carried  out.  These  potential  functions  are  important  in 
the  accurate  determination  of  O-H  and  O-D  collision  cross  sections.  The  cross 
sections  for  O-H  and  O-D  scattering  is  determined  quantum  mechanically.  As 
an  additional  check  of  the  bound  X2n  potential  the  OH  vibrational  states  are 
calculated  and  compared  with  measured  values.  A  kinetic  theory  of  the  en¬ 
ergization  of  H  and  D  by  energetic  oxygen  is  developed  and  estimates  of  the 
enhanced  nonthermal  escape  of  H  and  D  from  Mars  and  Venus  are  calculated. 
The  observed  density  distributions  from  satellite  observations  of  Venus  sug¬ 
gest  a  density  profile  characterized  by  two  scale  heights  which  is  indicative  of 
a  hydrogen  distribution  characterized  by  two  temperatures,  one  hot  and  one 
thermal.  Detailed  calculations  of  the  H  and  D  speed  distribution  functions,  and 
the  extent  of  the  two  temperature  exospheres  of  these  planets  will  be  reported. 


OXYGENATION  OF  THE  TERRESTRIAL  ATMOSPHERE:  THE  ROLE 
OF  BIOLOGY 

M.  Schidlowski,  Max-Planck-Institut  fur  Chemie  (Otto-Hahn-Institut), 

D-55020  Mainz,  Germany  (paleo@mpch-mainz.mpg.de) 

There  is  no  doubt  that  the  release  of  molecular  oxygen  as  a  by-product  of  photo¬ 
synthetic  carbon  fixation  by  plants  and  autotrophic  microorganisms  was  the  most 
important  single  process  ever  to  make  its  impact  on  the  terrestrial  atmosphere.  Since 
current  photochemical  models  predict  oxygen  levels  in  the  prebiological  atmosphere 
within  the  range  10'8  to  10'14  PAL  (Present  Atmospheric  Level)^  we  may  reasonably 
infer  that  life  processes  must  be  credited  with  the  oxygenation  of  terrestrial  near¬ 
surface  environments  (inclusive  of  the  atmosphere),  with  free  oxygen  resulting  from 
the  reduction  of  C02  to  the  carbohydrate  level  by  water  in  a  light-powered  reaction 
(2H20*  +  C02  -*■  CH20  +  H20  +  02*)  Hence,  the  establishment  of  photosynthesis  as 
the  quantitatively  most  important  biochemical  process  would  provide  a  crucial 
temporal  constraint  for  the  first  appearance  of  an  oxygenated  atmosphere.  Various 
disparate  lines  of  evidence  suggest  that  photosynthetic  carbon  fixation  is  an  ancient 
process,  operated  by  microbial  photoautotrophs  as  early  as  3.5,  if  not  3.8  Gyr  ago. 
Reduced  (organic)  carbon  in  the  form  of  (partly  graphitized)  kerogen  and  related 
substances  is  a  common  constituent  of  sedimentary  rocks  since  the  beginning  of  the 
record  3.8  Gyr  ago.  Accordingly,  the  release  of  photosynthetic  oxidation  equivalents 
(02  in  the  case  of  water-splitting  photosynthesis,  SOj'  and  S  in  the  H2S-ba$ed 
variants)  must  have  commenced  at  the  same  time,  i.e.  extremely  early  in  the  Earth’s 
history. 


MODELLING  OF  LOCAL  AND  REGIONAL  WEATHER 
PHENOMENA  IN  THE  SAGAN  MEMORIAL  STATION  (MARS 
PATHFINDER)  LANDING  AREA  DURING  ITS  OPERATION 

T.  Siili  (1),  H.  Savyarvi  (2)  and  A.-M.  Harri  (3) 
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The  Mars  Pathfinder  landed  in  the  Ares  Vallis  at  19.17°N,  33.21°W  on  1997- 
07-04  (corresponding  to  late  summer  or  Lt  w  143°)  and  operated  until  Sep. 
1997.  The  lander  is  located  on  a  gentle  large-scale  slope  which  also  exhibits 
surface  albedo  and  thermal  inertia  gradients.  We  have  modelled  some  boundary 
layer  and  mesoscale  phenomena  occurring  in  the  Lander  region  using  the  Dep. 
of  Meteorology  /  Univ.  of  Helsinki  (DMUH)  1-D  and  2-D  Mars  atmospheric 
models. 

The  1-D  model  has  high  vertical  resolution  as  well  as  a  multi-layer  surface 
and  soil  temperature  prediction  scheme;  as  a  result  the  model  reproduces  the 
Pathfinder  diurnal  and  vertical  air  temperature  variations  highly  satisfactorily. 
The  fitted  temperature  variations  also  provide  estimates  of  the  heat  capacity 
and  the  thermal  conductivity  (thermal  inertia)  of  the  underlying  soil. 

The  2-D  mesoscale  model  has  been  used  to  model  explicitly  the  winds  driven 
by  the  slope  as  well  as  by  the  surface  albedo  and  soil  thermal  inertia  gradients 
in  the  landing  area. 


CLOUD  OPACITY  AND  WATER  ABUNDANCE  VARIATIONS 
IN  JOVIAN  HOT  SPOTS  FROM  GALILEO/NIMS  OBSERVA¬ 
TIONS 

M.  Roos-Serote  (1),  P.  Drossart,  Th.  Encrenaz  (2)  and  R.W.  Carlson, 
K. Baines,  G.  Orton  (3) 
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The  Near  Infrared  Mapping  Spectrometer  (spectral  resolving  power  200  at  5 
^m)  on  board  the  Galileo  spacecraft  has  observed  many  5-micron  hot  spots 
in  Jupiter’s  north  equatorial  belt  at  high  spatial  resolution  (typically  300  km), 
obtaining  many  thousands  of  spectra  of  each  observed  region,  from  the  5- 
micron  spectra  (4.8-S.2  fim)  the  cloud  opacity  above  2  bar  and  the  water 
relative  humidity  between  4  and  8  bar  in  the  troposphere  were  derived,  and 
for  the  first  time  maps  of  the  spatial  distribution  of  these  parameters  over 
hot  spots  were  constructed.  We  observed  that  (1)  the  hot  spots  are  dry  areas 
(water  relative  humidity  of  typically  several  percent)  with  little  cloud  cover, 
in  accord  with  results  from  previous  analyses  of  Voyager  IRIS  data  and  the 
in  situ  measurements  of  the  Galileo  Entry  Probe,  (2)  variations  of  a  factor  of 
100  in  the  water  relative  humidity  are  found  over  hot  spots,  the  values  lying 
between  0.1  and  10  %,  (3)  outside  hot  spots,  the  water  relative  humidity  does 
not  attain  saturation,  but  stays  below  about  50  %  maximum,  (4)  cloud  opacities 
are  correlated  to  the  continuum  radiance  at  5  /im,  but  the  spatial  distribution 
of  water  varies  from  one  hot  spot  to  another. 


A  FULLY  STRATIFIED,  PRIMITIVE  EQUATION  MODEL  OF 
JUPITER’S  ATMOSPHERE 
D.  R.  Skeet  and  P.  L.  Read 
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The  dynamics  of  Jovian  atmospheres  have  been  extensively  studied  using  one- 
or  two-iayer  shallow  water  models.  However,  such  models  can  make  only  lim¬ 
ited  progress  towards  understanding  the  vertical  structure  of  the  jets  and  eddies 
observed  on  Jupiter.  Several  attempts  have  been  made  in  the  last  few  years  to 
develop  fully  3-dimensional  models  of  the  upper  jovian  atmosphere,  which  over¬ 
come  this  limitation  and  allow  the  vertical  structure  to  be  explicitly  resolved. 
A  fully  compressible,  realistically  stratified  dynamical  model  of  Jupiter’s  up¬ 
per  troposphere  and  stratosphere  will  be  presented.  This  model,  based  on  a 
terrestrial  GCM  (the  UKMO  Unified  Model),  solves  the  full  primitive  equa¬ 
tions  on  the  sphere,  with  simple  physics  appropriate  to  Jupiter.  Results  of 
high-resolution  studies  of  a  limited- area  channel,  based  on  a  latitude  band  on 
Jupiter,  are  discussed.  The  system  is  initialised  from  a  basic  state  which  has 
both  horizontal  and  vertical  shear.  Instabilities  in  the  basic-state  jets  generate  a 
range  of  Jupiter-like  oval  eddies,  whose  behaviour  is  strongly  influenced  by  the 
jet  structure.  The  results  of  these  simulations  will  be  presented  and  compared 
with  observations  from  the  Voyager  and  Galileo  missions. 


C1001 


NICMOS  OBSERVATIONS  OF  TUAN 
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Titan  has  been  observed  from  the  Hubble  Space  Telescope  in  the  near  ER  using  the 
NICMOS  instrument  in  methane  bands  and  in  the  window  regions  between  the  bands. 
Both  the  leading  and  trailing  faces  of  Titan  have  been  observed  allowing  the  large 
bright  feature  on  the  leading  face  to  be  analyzed  in  relation  to  the  dark  trailing  face. 
Several  features  in  the  images  are  of  interest  First  there  is  a  low  contrast  radial  ripple 
seen  in  the  images,  an  unusual  limb  darkening  profile  that  has  implications  for  the 
vertical  structure  of  the  lower  atmosphere.  Second,  surface  features  are  clearly  visible 
and  they  can  be  compared  to  previous  observations  both  from  groundbased  and  from 
HST  images.  Third,  polarization  of  the  disk  has  been  measured  for  the  first  time  from 
HST.  The  images  are  so  new  at  the  time  of  this  abstract  that  analysis  has  not  yet  been 
done  on  these  images;  progress  will  be  reported  at  the  meeting. 


NATURE  OF  GREENHOUSE  EFFECT  IN  THE  EARTH 
ATMOSPHERE 

I«omonosov  Moscow  Slate  University,  Earth  Sciences  Museum,  Russia. 

It  was  shown  that  the  average  tempera  lure  at  any  level  of  the  dense  planet 
troposphere  ( with  pressures  more  than  200  mbar )  is  one  -valued  determined 
by  the  solar  radiation  intensity,  atmospheric  pressure  ,  heat  capacity  and 
humidity  of  the  troposphere.  Fined  regularity  allowed  to  carry  out  series  of  the 
prognosis  calculations.  So,  by  a  mental  substitution  of  the  nitrogen  •  oxygen 
Earth  atmosphere  on  the  carbonic  -  acid  one  but  with  the  same  pressure  equal 
to  1  atm,,  the  average  surface  temperature  decreases  (  not  increases  ) 
approximately  by  5°  C  .  From  here  it  is  clear  that  the  atmosphere  saturation 
by  carbonic-  acid  gas  in  spite  of  the  infrared  radiation  absorption  by  this  gas 
(  with  other  conditions  being  equal  )  always  causes  not  increase  but  only 
decrease  and  greenhouse  cITcct,  and  average  surface  planet  temperature. 

The  Earth  cliinalc  reaction  on  the  anthropogenous  emission  in  atmosphere 
of  tlie  carbonic  *  acid  gas  is  determined  by  two  factors  :  firstly,  by  the 
atmosphere  pressure  increase;  secondly,  by  l he  adiabat  index  value  decrease 
.itiiu.ftphcrlc  gases  mixture,  'rhese  two  factors  change  the  troposphere 
tcmpei  .it urc  regime  in  contrary  directions  and  in  a  result  the  troposphere 
temperature  regime  practically  docs  not  change.  Moreover  ,  the  carbonic  - 
acid  gas  concentration  increase  may  be  useful  factor  ,  raising  the  agriculture 
cficctivity  and  icreasing  restoration  velocity  of  the  cleared  woods. 


Intrinsic  Martian  magnetic  field  effect  on  Mars’  atmospheric 
evolution 

W.  Stumptner*>+,  H.  Lammer’,  S.J.  Bauer’i+ 

(Space  Research  Institute,  ’Austrian  Academy  of  Sciences,  Graz, 
and  +Institute  for  Meteorology  and  Geophysics  University  of  Graz, 
Austria) 

The  Mars  Global  Surveyor  mission  has  shown  that  Mars  possesses 
a  complex  planetary  magnetic  field  resulting  from  remanent  crustal 
magnetism.  This  magnetic  field  influences  atmospheric  escape  via 
sputtering  and  pick-up  loss  processes  at  present.  An  ancient  stronger 
magnetic  field,  responsible  for  the  remanent  crustal  magnetism, 
would  reduce  these  processes  on  early  Mars  to  negligible  amounts. 
Here  we  revise  previous  estimates  of  non-thermal  atmospheric  es¬ 
cape  from  Mars,  update  the  models  of  atmospheric  evolution  and 
estimate  the  magnitude  of  the  surface  sink  for  oxygen  resulting  from 
H20. 


THE  METHANE  ABSORPTION  VARIATIONS  ON  JUPITER’S  DISK  FROM 
DETAILED  ZONAL  CCD-SPECTROPHOTOMETRY  IN  1997 

V.G.Tejfel,  G.A. Kharitonova  (Fessenkov  Astrophysical  Institute,  Alma-Ata  480068 
Kazakhstan,  tejf@afi.academ.alma-at.su) 

Near-zero  jovicentric  declination  of  the  Earth  in  1997  was  favourable  for  detailed 
study  of  the  methane  absorption  distribution  on  the  disk  of  Jupiter  using  zonal 
spectrophotometry  with  1 -meter  telescope  and  CCD-camera  ST-6V.  The  images  of  the 
spectra  were  recorded  at  the  slit  of  spectrograph  oriented  parallely  to  the  equator  and 
moved  consistently  from  pole  to  pole  with  the  step  1  arcsec.  Thus  four  series,  each  of 
them  included  44-46  zonal  spectra,  have  been  obtained  in  August  1997  as  well  as  a 
number  of  the  equator  and  central  meridian  spectra.  All  spectra  were  divided  on  the 
spectrum  of  Saturn's  ring  to  exclude  nonmonotonic  spectra!  sensitivity  of  the 
CCD-matrix.  The  central  depths  of  the  methane  absorption  bands  at  the  wavelengths 
619,  725,  798,  and  887  nm  have  been  determined  for  approximately  3200  points  on 
Jupiter’s  disk.  The  maps  of  the  methane  absorption  variations  on  the  disk  were 
presented  at  isoline,  semitone  and  3-D  view.  The  lower  methane  absorption  may  be 
seen  on  Jupiter’s  equatorial  belt  and  near  the  poles  where  bright  polar  hoods  are  seen 
on  the  images  restored  from  zonal  spectra  at  725  and  887  nm.  The  Great  Red  Spot 
looks  on  these  images  as  light  detail.  Most  zones  have  very  small  center- to- limb 
variations  of  the  band  depths  excluding  high  latitudes  where  the  decrease  of  absorption 
towards  limb  is  expressed  more  strongly.  Some  differences  are  in  the  band  798  nm 
overlaying  with  the  ammonia  band  791  nm.  Preliminary  analysis  of  these  results  have 
shown  also  that  the  moderate  and  strong  absorption  bands  variations  have  clearly 
expressed  zonal  character  but  weak  absorption  band  shows  chaotic  variations  on  the 
disk.  Considering  these  data  as  an  example  of  the  optical  sounding  of  the  Jovian 
atmosphere  we  could  conclude  that  deeper  layers  are  more  affected  to  local 
convective-turbulent  atmospheric  motions  than  the  layers  near  upper  boundary  of  the 
visible  clouds  where  zonal  currents  are  more  effective. 


NUMERICAL  SIMULATIONS  OF  ZONAL  FLOWS  FORCED  BY 
DEFORMATIONAL  LONG-WAVE  INSTABILITY 
E.  Tikhomolov 

Institute  of  Solar-Terrestrial  Physics,  664033  Irkutsk,  P.O.Box  4026,  Russia. 
e_tikh.Ci.szf .  irk .  ru 

The  effect  of  forcing  of  large-scale  flows  by  deformational  long-wave  instability 
appears  in  a  first  order  due  to  deformation  of  the  upper  free  surface  of  the 
rapidly  rotating  layer  heated  from  below.  So  the  linear  problem  gives  infinite 
solutions  and  it  is  necessary  to  take  into  account  the  next  terms  in  the  expan¬ 
sion  of  negative  diffusion  coefficient  in  the  deformation  of  the  upper  stress-free 
surface.  In  this  case  it  is  possible  to  obtain  stationary  mean  zonal  flows  with 
shear  in  latitude.  Stationary  zonal  flows  can  have  different  spatial  periods  in 
latitude.  So  different  situation  which  are  realized  in  the  atmospheres  of  outer 
planets  can  be  described  by  appropriate  choice  of  negative  diffusion  coefficients. 


AN  EXTREMUM  PRINCIPLE  FOR  LINEARISED  VERTICAL 
STRUCTURE  EQUATIONS  FOR  PLANETARY  ATMOSPHERE 

S.  G.  Whitehouse  (1),  I.  M.  Moroz  (1)  and  P.  L.  Read  (2) 

(1)  OCIAM,  Mathematical  Institute,  Oxford  University,  24-29  St  Giles,  Ox¬ 
ford,  England,  OX1  3LB,  (2)  Atmospheric,  Oceanic  and  Planetary  Physics, 
Clarendon  Laboratory,  Parks  Road,  Oxford,  England,  OX1  3PU. 

It  will  be  shown  that  the  standard  vertical  structure  equation  (applicable  to  any 
planetary  atmosphere)  arises  eg  from  the  linearised,  adiabatic  quasi-geostrophic 
vorticity  equation  (where  streamfunction  is  assumed  to  be  vertically  separa¬ 
ble)  is  an  immediate  consequence  of  an  extremum  principle  which  minimises 
the  functional  of  available  potential  energy  in  the  vertical  direction.  Such  an 
extremum  principle  would  seem  to  describe  the  natural  tendency  of  an  atmo¬ 
sphere  to  seek  states  of  minimum  available  potential  energy  through  the  release 
of  kinetic  energy  in  the  form  eg  of  baroclinic  transient  eddies.  This  principle 
is  illustrated  with  reference  to  a  climate  simulation  using  a  simplified  General 
Circulation  Model  of  the  Martian  atmosphere  (in  which  the  meteorological 
primitive  equations  are  solved  on  a  sphere  with  simplified  physical  parame¬ 
ters).  The  results  imply  that  the  Martian  atmosphere  places  the  majority  of 
the  available  potential  energy  in  the  leading  order  minimum  available  potential 
energy  modes.  The  results  from  this  Mars  GCM  will  be  presented  and  discussed 
in  terms  of  the  dominant  physical  processes  responsible  for  the  generation  and 
release  of  available  potential  energy  in  the  Martian  atmosphere. 
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PS4  Planetary  magnetospheres  and  ionospheres 

Convener:  Prange,  R. 

Co-Conveners:  Dougherty,  MX;  Sauer,  K. 


IMPROVED  THEORY  OF  PLASMA  MASER  IN  THE 
JUPITER  RADIATION  BELTS 

P.A.  Bespalov 

Institute  of  Applied  Physics,  603600  Nizhny  Novgorod,  Russia 
peter@appl.sci-nnov.ru/Fax:  +7-8312-36206 1 

General  theory  for  plasma  maser  in  the  Jupiter  radiation  belts  is 
developed.  Real  channels  of  particle  sources  and  losses  are  taken 
into  account.  An  influence  of  relativistic  particle  energies,  small  loss 
cone  and  fast  magnetospheric  rotation  is  considered.  Background 
plasma  disc  specifies  narrow  range  of  effective  interaction  of  electro¬ 
magnetic  waves  and  energetic  particles.  This  circumstance  makes 
theoretical  model  easier  as  compared  with  the  past  ones.  For  dif¬ 
ferent  relations  between  characteristic  system  eigen  times  effective 
forms  for  definition  interaction  of  waves  and  particles  is  chosen. 
The  results  are  important  for  quantitative  analysis  of  Voyagers  and 
Ulysses  date  set.  The  improved  theory  describes  both  average  wave 
and  particle  flux  characteristics,  its  time  variation  and  fine  struc¬ 
ture. 


A  COUPLED  MODEL  OF  THE  IONOSPHERE  AND  THE 
UPPER  ATMOSPHERE  OF  TITAN 


M.  Banaszkiewicz  (Space  Research  Centre,  Bartycka  18 A,  Pl-00716, 
Warsaw,  Poland) 

L.  M.  Lara,  R.  Rodrigo,  J.J.  Lopez-Moreno  and  G.  Molina-Cuberos  (In¬ 
stitute  Astrofisica  de  Andalucia,  18080  Granada,  Spain) 


The  Lara  et  a/,  model  of  Titan’s  atmosphere  is  coupled  with  the  iono¬ 
spheric  model  that  includes  photoionization,  photoelectron  and  mag¬ 
netospheric  electron  sources,  recombination  losses  as  well  as  bi-  and 
tre-molecular  ion-neutral  reactions  taken  from  the  data  base  compiled 
by  Anicich  and  McEwan  (1997).  Although  the  electron  density  profile 
is  similar  to  that  obtained  by  Keller  et  a/.  (1992),  with  the  maximum 
plasma  density  of  about  5000  cm"3  at  1050  km,  the  altitude  profiles  of 
several  components,  like  C2H5* ,  CHg* ,  CHg* ,  are  different.  Densities  of 
most  of  neutral  atmospheric  constituents  are  insensitive  to  the  coupling 
with  the  ionosphere,  but  for  some  components,  e.g.  C3H8,  significant 
changes,  resulting  from  ion-neutral  reactions,  are  observed  at  higher  al¬ 
titudes  (>  1200  km).  Several  solutions  of  the  atmosphere-ionosphere 
model,  differing  in  the  input  parameters  used  (source  terms,  reaction 
rates),  will  be  presented. 


3D  MULTISCALE  MASS  LOADED  MHD  SIMULATIONS  OF  THE 
SOLAR  WIND  INTERACTION  WITH  VENUS  AND  MARS 
Rainer  Bauske  (1),  Andrew  F.  Nagy  (1),  Darren  L.  DeZeeuw  (1),  Tamas  I. 
Gombosi  (1),  Kenneth  G.  Powell  (2)  and  Janet  G.  Luhman  (3) 

(1)  Space  Physics  Research  Laboratory,  The  University  of  Michigan,  Ann  Ar¬ 
bor,  MI  48109,  (2)  Department  of  Aerospace  Engineering,  The  University  of 
Michigan,  Ann  Arbor,  MI  48109,  (3)  Space  Sciences  Laboratory,  University  of 
California,  Berkeley,  CA  94720. 
anagyCumich.edu/Fax:  (734)-647-3083 

Various  ionization  processes  take  place  in  the  solar  wind  interaction  region 
around  Venus  and  Mars.  The  combined  effect  of  these  processes  is  mass  addition 
to  and  momentum  loss  by  the  plasma  flow  in  the  vicinity  of  the  planet.  We 
examine  the  contributions  of  the  effects  due  to  the  ionization  of  planetary 
thermal  and  hot  oxygen  and  hydrogen  by  solar  radiation,  electron  impact  and 
charge  exchange  with  the  solar  wind;  we  include  the  appropriate  collision  terms 
in  the  continuity,  momentum  and  energy  equations.  Our  three-dimensional, 
multiscale,  single  fluid,  ideal  magnetohydrodynamic  [MHD]  model  works  on  an 
adaptively  refined  unstructured  grid,  which  gives  sufficiently  high  resolution 
in  all  areas  of  interest,  without  requiring  to  reduce  the  size  of  the  simulated 
volume.  Thus,  it  is  possible  to  examine  mass  loading  effects  in  a  continuous 
region  from  outside  the  bow  shock  to  the  magnetotail.  We  used  our  model  to 
study  the  mass  loading  effects  on  the  solar  wind  interaction  with  Venus  and 
Mars.  We  compared  our  model  results  with  magnetic  field  observations  from  the 
Pioneer  Venus  Orbiter  instrument  and  observations  from  the  Phobos-2  mission. 


MAGNETIC  HOLES  AND  UPSIDE-DOWN  WAVES  IN  CON+ 
NECTION  WITH  JOVIAN  MIRROR  MODE  WAVES 

E.R.  Dedman  and  M.  K.  Dougherty 

Blackett  Laboratory,  Imperial  College,  London 
+44-171-594-7772  m.dougherty@ic.ac.uk 

During  the  outbound  Ulysses  flyby  of  Jupiter, 
the  longest  train  of  mirror  mode  waves  ever 
observed  was  recorded.  Towards  the  end  of  this 
train,  reversed  mirror  mode  or  "upside-down" 
waves  are  observed,  consisting  of  enhancements 
in  the  magnetic  field  rather  than  depressions. 
A  transverse  wave  component,  believed  to  be 
ion  cyclotron  waves,  is  found  to  be  super¬ 
imposed  on  top  of  the  compressional  mirror 
mode  component.  Several  hours  after  these 
upside-down  waves,  three  trains  of  magnetic 
holes  such  as  those  reported  by  Winterhalter 
et  al.,  1994,  in  the  solar  wind  are  observed. 
These  are  believed  to  be  remnants  of  mirror 
mode  waves. 


DYNAMICS  AND  SPATIAL  DISTRIBUTION  OF  SATURN’S 

E  RING  PARTICLES 

V.V.  Dikarev  (1)  and  A.V.  Krivov  (2) 

(*)  Astronomical  Institute,  St.  Petersburg  State  University,  Stary  Peterhof, 
198904  St.  Petersburg,  Russia. 
valeryOaispbu . spb . su 

The  tenuous  E  ring  of  Saturn,  formed  by  micrometer-sized  particles  produced 
presumably  by  the  icy  moon  Enceladus,  furnishes  an  excellent  example  of  dust- 
magnitosphere  interactions.  The  ring’s  grains  move  through  the  ambient  plasma 
that  makes  their  dynamics  and  spatial  distribution  dependendent  on  the  col¬ 
lected  charges  and  parameters  of  the  plasma  environment.  Therefore,  the  mag¬ 
netospheric  parameters  are  reflected  in  the  E  ring  features  and  may  be  con¬ 
strained  by  a  comparison  between  the  models  and  observational  data.  A  special 
interest  in  the  E  ring  studies  is  connected  with  the  Cassini  spacecraft  which 
is  planned  to  make  many  crossings  of  the  Saturn’s  equatorial  plane  and  will 
obtain  a  large  array  of  new  observational  data. 

We  have  investigated  the  dynamics  of  Saturn’s  E  ring  dust  particles,  taking 
into  account  perturbations  due  to  the  solar  radiation  pressure,  the  planetary 
oblateness,  the  Lorentz  force  arising  from  the  three  zonal  harmonics  of  planet’s 
magnetic  potential,  and  the  plasma  drag.  On  the  base  of  numerical  integrations 
of  equations  of  motion  of  a  large  number  of  individual  grains,  a  model  of  the 
overall  E  ring  is  constructed.  Optical  depth  profiles  are  computed  and  compared 
to  the  observational  data.  It  is  shown  that  the  model  constructed  is  in  better 
agreement  with  the  observations  than  previous  ones. 


C  1003 


MULTIPLE  SHOCKS  NEAR  MARS 


E.  Dubinin  (1),  K.  Sauer  (1),  A.  Baumgartel  (2),  K.  Srivastava  (3),  V.  Tarasov  (4) 
(1)  Max  Planck  Institute  f&r  Aeronomie,  Katlenburg-Lindau,  (2) 
Astrophysikalisches  Insitut,  Potsdam,  (3)  University  of  Delhi,  (4)  Centre  delude 
des  Environe merit  Terrestre  et  Plan&aires,  Vilizy 
dubinin@helene.mpae.gwdg.de 

Mars  gives  us  an  example  of  the  magnetosheath,  in  which  the  interaction  of  the 
solar  wind  with  planetary  plasma  of  heavy  ions  results  in  generation  of  strong 
nonlinear  bi-ion  MHD  waves.  The  ID  hybrid  and  2D  bi-ion  MHD  simulations  of 
the  plasma  flow  around  ion  'cloud'  were  performed  to  study  dynamics  of  these 
waves.  It  is  shown  that  differential  motion  of  protons  and  heavy  ions  leads  to  a 
bunching  of  plasma  flow.  Bunching  arises  due  to  resonant  interaction  between 
waves  excited  by  heavy  ion  beam  and  slow  waves  in  the  heavy  ion  flow.  Waves 
grow,  steepen  and  evolve  to  shocks.  Application  of  these  results  to  Mars  is  given. 


THE  FORESHOCK  BOUNDARY  AT  MARS 

E.  Dubinin  (1),  K.  Sauer  (1),  A.  Skalsky  (2),  K.  Szego  (3),  M.  Delva  (4) 

(I)  Max  Planck  Institute  f&r  Aeronomie,  Katlenburg-Lindau,  (2)  Space  Research 
Institute,  Moscow,  (3)  KFKI  Research  Institute  for  Particle  and  Nuclear  Physics, 
Budapest,  (4)  Institut  fur  Weltraumforschung  Graz 
dubinin@helene.mpae.gwdg.de 

Multi-instrument  analysis  of  measurements  near  the  boundary  of  the  martian 
foreshock  reveals  some  new  features  as  compared  with  other  planetary  foreshocks. 
Electric  emissions  at  frequencies  around  100 Hz  and  ULF  fluctuations  often 
p recced  to  electron  plasma  waves  which  characterize  the  electron  foreshock.  A 
bending  of  the  magnetic  field  is  also  observed  upstream  of  the  tangent  line.  Main 
signatures  of  the  field  variations  is  a  change  of  sign  of  the  AB-perturbations  across 
the  tangent  line,  which  borders  foreshock  and  the  undisturbed  solar  wind,  and  a  bi¬ 
polar  structure  centered  relative  to  the  plane  which  is  normal  to  the  tangent  surface 
and  intersects  the  bow  shock  at  the  tangent  point.  The  bending  is  accompanied  by 
distinct  variations  of  the  solar  wind  velocity  which  replicate  the  field  perturbations. 
Amplitudes  of  perturbations  follow  Walen  relation.  Observations  suggest  the 
presence  of  Alfvcn  waves  near  the  foreshock  boundary. 


THE  ASYMMETRIC  BRIGHTNESS  OF  JUPITER’S  RADIATION 
BELTS,  AND  VARIATIONS  WITH  DE 

G,.  A.  Dulk  (1),  Y.  Leblanc  (1),  R.  J.  Sault  (2)  and  S.  J.  Bolton  (3) 

(1)  Observatoire  de  Paris-Meudon,  DESPA,  92195  Meudon,  France,  (2)  Aus¬ 
tralia  Telescope  National  Facility,  CSIRO,  Epping,  NSW  2121,  Australia, 
(3)  Jet  Propulsion  Laboratory,  Pasedena,  CA  91109,  USA. 

We  present  Australia  Telescope  Compact  Array  (ATCA)  observations  of 
Jupiter  of  July  1995,  July  1996,  and  November  1997,  at  13  and  22  cm,  and 
Very  Large  Array  (VLA)  observations  of  May  1997  at  21  cm.  From  a  series  of 
high  resolution,  2-D  images  the  peak  brightness  above  the  east  and  west  limbs 
is  derived  at  different  rotational  phases.  In  1995  the  jovicentric  declination  of 
Earth,  Df;,  was  -2.9°,  in  1996  it  was  -1.7°  and  in  1997  it  was  essentially  0°. 
The  longitude  Am  of  the  “bright  region”  moved  from  210°  in  1995  to  190° 
in  1997.  The  ratio  of  east-to-west  limb  brightness  as  a  function  of  Am  ranged 
from  0.8  to  1.3  in  .1995,  and  the  range  decreased  steadily  to  0  to  1.1  in  1997. 
The  asymmetries  and  their  changes  with  rotation  of  Jupiter  are  the  result  of 
the  warped  magnetic  equator,  and  thus  are  simply  explained  by  using  a  mag¬ 
netic  field  model  giving  the  magnetic  declination  Dmag  in  the  radiation  belts; 
the  new  hexadecapole  model  (Connerney  1997)  is  better  than  the  06.  When 
I>E  =  0°  the  east  and  west  limb  brightnesses  should  be  the  same  for  each 
Am,  i.e.  the  E/W  asymmetry  should  disappear.  The  observations  of  May  1997, 
when  De  was  -0.04°,  show  indeed  that  there  was  no  E/W  asymmetry,  except 
at  Am  =  190°  where  the  east  limb  was  brighter  than  the  west  one  by  about 
10%;  this  is  not  yet  explained. 


CENTRIFUGAL  INSTABILITY  IN  ROTATING  PLASMA  DISKS 

K.  Ferrifere  (Observatoire  Midi-Pyr6n6es,  14  av.  Belin,  Toulouse,  France) 

C.  Zimmer,  M.  Blanc  (Observatoire  Midi-Pyren6es,  Toulouse,  France) 

F.  Neubauer  (Institut  fur  Geophysik  und  Meteorologie,  Koln,  Germany) 

The  Jovian  magnetosphere  contains  an  extended  plasma  disk,  which  is  en¬ 
trained  by  the  rapid  planetary  rotation.  The  plasma,  originating  primarily 
from  the  satellite  Io,  is  transported  outward  to  the  remote  regions  where  it 
escapes  to  the  interplanetary  medium.  This  plasma  transport  is  generally 
believed  to  result  from  the  centrifugal  instability,  i.e.,  a  Rayleigh-Taylor  type 
instability  in  which  the  centrifugal  force  plays  the  role  of  gravity.  However, 
the  properties  of  the  unstable  motions  as  well  as  the  precise  form  of  the  stabil¬ 
ity  criterion  are  still  a  matter  of  controversy.  Most  studies  to  date  make  the 
assumption  that  magnetic  flux  tubes  undergo  either  pure  interchange  motions 
which  leave  the  background  magnetic  field  totally  unchanged,  or  more  general 
interchange  motions  which  allow  for  changes  in  magnetic  field  strength  while 
preserving  the  field  direction. 

We  reexamine  the  problem  of  the  centrifugal  instability,  trying  to  determine 
in  a  self-consistent  manner  the  characteristics  of  the  unstable  motions.  In 
particular,  we  show  that  a  displaced  flux  tube  adjusts  its  total  pressure  to 
its  new  surroundings  and  that  this  adjustment  usually  entails  a  violation  of 
the  interchange  hypothesis.  We  derive  a  general  dispersion  relation,  which  in¬ 
cludes  the  effects  of  the  centrifugal  force,  plasma  pressure,  field  line  curvature, 
coupling  with  the  ionosphere,  and  plasma  motions  along  field  lines. 


MODELING  THE  MAGNETOSPHERES  OF  JUPITER  AND  SAT¬ 
URN  WITH  A  3D  AMR  MHD  MODEL 

Tamas  I.  Gombosi  (1),  Darren  L.  DeZeeuw  (1),  Clinton  P.T.  Groth  (1),  Ken¬ 
neth  C.  Hansen  (1),  Hal  G.  Marshall  (1),  Kenneth  G.  Powell  (2)  and  Quentin 
F.  Stout  (3) 

(1)  Space  Physics  Research  Laboratory,  The  University  of  Michigan,  Ann  Ar¬ 
bor,  MI  48109,  (2)  Department  of  Aerospace  Engineering,  The  University  of 
Michigan,  Ann  Arbor,  MI  48109,  (3)  Department  of  Electrical  Engineering  and 
Computer  Science,  The  University  of  Michigan,  Ann  Arbor,  MI  48109. 
tamasCumich .  edu/Fax:  (734)-647-3083 

The  Michigan  Global  Magnetosphere  Model  is  a  recently  developed  three- 
dimensional  solution  adaptive  code  which  solves  the  equations  of  ideal  magne¬ 
tohydrodynamics  with  our  MAUS-MHD  method  (Multiscale  Adaptive  Upwind 
Scheme  for  MHD).  The  code  is  implemented  for  massively  parallel  computers 
and  runs  considerably  faster  than  real  time  on  a  Cray  T3E  with  512  processors. 
The  model  is  applied  to  simulations  of  the  magnetospheies  of  rapidly  rotating 
giant  planets.  The  simulation  takes  into  account  the  distributed  plasma  source 
due  to  the  presence  of  satellite  tori  and  it  models  the  global  structures  of  the 
magnetosphere  for  various  IMF  conditions. 


Angular  Momentum  of  Jovian  Dust  Stream  Particles 

E.  Griln,  H.  Krflger,  A.  Heck,  G.  Linked,  (Max-Planck-Institut  filr  Kemphysik, 
Heidelberg,  D-69026  Heidelberg),  D.  Hamilton,  (Univ.  of  Maryland,  College  Park), 
M.  Horanyi,  (LASP,  Univ.  of  Colorado,  Boulder),  H.A.  Zook,  (Johnson  Space  Center] 
Houston). 

Impacts  of  dust  stream  panicles  were  observed  during  all  passages  of  the  Galileo 
spacecraft  through  the  jovian  system  inside  100  jovian  radii.  Distinct  start  and  stop 
times  of  the  dust  streams  were  recognized  as  well  as  times  in  between  when  the  impact 
direction  changed  by  180  deg..  These  three  times  are  compatible  with  particles 
entering  and  exiting  the  field-of-view  of  the  dust  detector  and  those  arriving  along  the 
spacecraft  spin  axis.  It  is  assumed  that  particles  on  the  same  mean  trajectory  cause  this 
behavior.  Model  calculation  of  electromagnetically  accelerated  dust  grains  of  different 
sizes,  initial  speeds,  and  charge  states  have  been  performed  for  different  places  of 
particle  release  in  the  jovian  system.  It  is  found  that  only  trajectories  of  particles  of 
high  angular  momentum  can  explain  the  observations.  Only  trajectories  of  5  to  10 
nm-sized  particles  that  have  been  generated  outside  about  5  Jupiter  radii  distance  from 
Jupiter  match  the  observed  impact  directions. 
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RESULTS  OF  JOVIAN  DUST  STREAM  ANALYSIS 

A.  Heck,  E.  Grim,  H.  Kruger,  G.  Linkert;  MPI-Kernphysik, Heidelberg, FRG 
M.  Horanyi;  Lab.  Atmos,  and  Space  Phys.,University  of  Colorado, CO., USA 
D.  P.  Hamilton;  College  Park,  University  of  Maryland, MA., USA 
C.  Polanskey;  Jet  Propulsion  Laboratory,  Pasadena, CA., USA 

Since  the  arrival  of  Galileo  at  Jupiter  1995,  much  new  information  on  jovian 
system  dust  was  gathered.  Most  probably  three  populations  were  found:  dust 
on  bound  orbits,  dust  sputtered  from  the  galilean  moons  and  the  known  stream 
dust  particles. 

Analysis,  especially  for  the  stream  dust,  is  depending  strongly  on  modelling. 
The  here  used  model  is  in  priciple  capable  to  describe  all  populations.  However, 
the  stream  particles  keep  meat  interesting  for  modeling.  These  nanometer-sized 
grains  are  charged  within  the  jovian  plasma  environment  and  swirled  away  by 
Jupiter’s  strong  magnetic  field.  Calculations  are  done  with  respect  to  charging 
processes  and  magnetic  and  gravity  fields.  Recent  modeling  is  now  able  to 
describe  correctly  the  direction  from  which  these  particles  are  arriving  at  Galileo 
spacecraft  and  to  show  the  special  5-  or  10  hour  periods  coming  from  the  rotation 
of  jovian  plasmat  and  magnetic  fields  in  the  calculated  impact  rates.  Preliminary 
conclusions  are  pointing  to  a  stream  particle  source  at  or  near  the  orbit  of 
Jupiter’s  moon  Io. 

The  latest  calculation  results  and  interpretations  will  be  presented  in  the 
conference. 


THE  IONOSPHERES  OF  THE  GALILEAN  SATELLITES  OF 
JUPITER 

A.J.  Kliore  (1),  R.G.  Herrera  (1),  S.W.  Asmar  (1),  D.P.  Hinson  (2),  J.D. 
Twicken  (2),  F.M.  Flasar  (3)  and  P.D.  Schinder  (3) 

(1)  JPL,  Caltech,  Pasadena,  CA  91109,  USA,  (2)  CR A,  Stanford  U.,  Stanford, 
CA  94035,  USA,  (3)  LEP,  NASA/GSFC,  Greenbelt,  MD  20771,  USA. 

The  Galileo  spacecraft  has  provided  multiple  opportunities  for  radio  occulta- 
tion  investigations  of  the  Galilean  satellites  of  Jupiter:  Io,  Europa,  Ganymede, 
and  Callisto.  There  have  been  12  measurements  of  the  ionosphere  of  Io.  They 
present  an  ionosphere  controlled  by  its  interaction  with  the  magnetosphere  of 
Jupiter,  with  a  maximum  electron  density  of  20,000  to  60,000  60,000  el./cc  on 
the  ” upstream”  side,  with  or  no  ionization  above  200  km  ,  and  a  maximum 
density  of  60,000  to  100,000  el./cc  on  the  "downstream”  side  ,  with  ionization 
extending  to  at  least  3,000  km.  On  Europa,  evidence  was  found  of  a  much 
more  tenuous  ionosphere,  with  a  peak  density  of  5,000  to  14,000  el/cc  and  a 
greater  vertical  extent  in  the  downstream  direction.  On  Ganymede,  six  radio 
occultation  measurements  provided  inconclusive  results  in  four  instances,  with 
only  two  upstream  measurements  suggesting  an  ionosphere  with  a  maximum 
density  of  about  5,000  el./cc  near  the  surface.  This  could  be  due  to  its  own 
magnetosphere,  which  may  be  shielding  its  surface  from  Jupiter  s  magneto- 
spheric  plasma.  The  single  occultation  by  Callisto  provided  only  two  profiles  , 
remarkably  similar  to  each  other,  with  2,000  el./cc  maximum  density. 


THE  STRUCTURE  OF  JUPITER’S  MAGNETOSPHERE:  NEW 
OBSERVATIONS  FROM  GALILEO 
K.  K.  Khurana  and  M.  G.  Kivelson 

Institute  of  Geophysics  and  Planetary  Physics,  University  of  California  at  Los 
Angeles,  CA  90095,  U.S.A.. 
kklmranaCigpp.ucla.edu/Fax:  [1]  310  206  8042 

With  the  successful  conclusion  of  Galileo’s  prime  mission,  a  large  data  set  of 
field  and  particle  measurements  in  the  dawn  to  mid-night  sector  of  Jupiter’s 
magnetosphere  has  become  available.  The  Real  Time  Science  (RTS)  mode  of 
Galileo  provides  MAG  data  at  a  resolution  of  24  sec.  or  better  and  is  ideally 
suited  for  the  studies  of  the  structure  of  Jupiter’s  magnetosphere.  Approxi¬ 
mately  5000  hours  of  MAG  data  are  now  available  in  this  mode.  In  this  report 
we  will  present  a  summary  of  new  results  from  the  RTS  survey.  New  observa¬ 
tions  show  that  in  the  middle  magnetosphere  (radial  distance  between  40  and 
90JRj),  the  field  strength  is  smaller  in  the  midnight  sector  than  in  the  dawn  sec¬ 
tor.  This  observation  suggests  that  the  magnetotail  influence  may  begin  as  close 
as  40 Rj  from  Jupiter.  The  observations  also  show  that  the  field  line  sweep-back 
is  larger  in  the  dawn  magnetosphere  compared  to  its  value  in  the  midnight  sec¬ 
tor.  Mechanisms  that  cause  such  differences  will  be  discussed.  Observations  of 
the  current  sheet  structure  show  that  the  current  sheet  crossing  times  are  less 
delayed  in  the  midnight  sector  and  its  hinging  has  a  different  functional  form 
than  deduced  from  the  dawnside  observations.  Finally,  we  show  that  temporal 
variations  on  time  scales  of  days  are  probably  caused  by  changes  in  the  solar 
wind  forcing. 


COMPARATIVE  MHD  SIMULATIONS  OF  THE  INTERACTION 
OF  THE  GALILEAN  SATELLITES  WITH  THE  JOVIAN  MAG- 
NETOSPHERE 

A.  Kopp  (1),  W.-H.  Ip  (1)  and  A.  Schrber  (2) 

(1)  Max-Planck-Institut  fiir  Aeronomie,  D-37191  Katlenburg-Lindau,  Germany, 

(2)  Astronmisches  Institut,  Ruhr-Universitat,  D-44780  Bochum,  Germany. 
koppCostl.mpae.gwdg.de/Fax:  [49]  5556  979  240 

The  Galileo  mission  to  the  Jovian  system  has  revealed  a  lot  of  new  facetts  of  the 
interaction  of  the  four  Galilean  satellites  with  the  magnetosphere:  Ganymede 
has  an  intrinsic  magnetic  field,  whereas  the  three  other  satellites,  in  particular 
Io,  are  plasma  sources  with  different  source  regions  and  production  rates.  An 
open  question  is  whether  the  strong  decrease  in  the  magnetic  field  observed 
in  Io’s  wake  can  be  explained  by  mass  loading  effects  or  an  intrinsic  magnetic 
field. 

3D  resistive  MHD  simultions  of  the  interaction  of  all  four  satellites  with  the 
Jovian  magnetosphere  are  performed  in  a  cylindrical  coordinate  system  with 
Jupiter  at  the  origin.  In  the  case  of  Ganymede  the  magnetic  field  configuration 
is  the  superposition  of  the  dipole  field  of  Jupiter  and  Ganymede.  In  the  other 
cases  the  magnetic  field  Jupiter’s  dipole  field,  but  individual  plasma  source 
terms  are  added  to  the  MHD  equations.  The  goal  of  the  simulations  is  to 
investigate  the  influence  of  mass  loading  on  the  evolving  current  system  and 
flow  pattern  on  the  one  hand  and  to  look  for  new  features  caused  by  taking 
into  account  Ganymed’s  dipole  field. 


GALILEAN  MOONS  OF  JUPITER:  MAGNETOSPHERES  AND 
WAKES 

M,  G.  Kivelson  and  K.  K.  Khurana 

Institute  of  Geophysics  and  Planetary  Physics,  UCLA,  Los  Angeles,  CA  90095 
USA. 

mkivelsonCigpp.ucla.edu/Fax:  [1]  310  206  8042 

During  its  prime  mission,  Galileo  acquired  fields  and  particles  data  close  to 
each  of  the  four  Galilean  moons  of  Jupiter.  Here  we  shall  summarize  key  as¬ 
pects  of  the  interaction  between  the  moons  and  the  magnetic  field  and  plasma 
of  Jupiter’s  magnetosphere.  The  interactions  are  partially  cometary  in  nature 
and  partially  governed  by  the  internal  electrical  and  magnetic  properties  of 
the  moons.  As  an  example  of  the  interaction  with  a  magnetized  moon,  we  will 
describe  Ganymede’s  remarkable  miniature  magnetosphere,  topologically  anal¬ 
ogous  to  a  planetary  magnetosphere  but  lacking  a  bow  shock,  a  plasmasheet, 
and  a  plasmasphere.  Energetic  electrons  can  generate  a  ring  current.  We  will 
then  show  how  the  cometary  interaction  contributes  to  the  signatures  of  the 
downstream  wakes  of  Ganymede,  Europa,  and  Io. 


THE  ETHEREAL  DUST  ENVELOPES 
OF  THE  MARTIAN  MOONS 

Alexander  Krivov  (1)  and  Andrzej  Jurewicz  (2) 

(1)  St.  Petersburg  University,  198904  St.  Petersburg,  Russia,  (2)  Space  Research 
Centre,  00-716  Warsaw,  Poland. 
krivovOaispbu.spb.su,  aajOcbk.waw.pl 

We  consider  the  impact  ejecta  from  Phobos  and  Deimos  to  study  the  statistics, 
spatial  distributions,  and  volume  densities  of  the  dust  debris  in  the  vicinities 
of  the  moons.  Apart  from  the  graviational  forces,  we  take  into  account  solar 
radiation  pressure,  which  makes  our  model  valid  for  micrometer-sized  particles. 
The  radiation  pressure  modifies  the  shapes  of  the  circumsatellite  dust  clouds, 
displacing  them  in  the  anti-solar  direction;  the  effect  is  much  larger  for  the 
Deimos  ejecta.  Another  radiation  pressure  effect  is  the  decrease  of  the  mean 
escape  velocity  of  the  Deimos  ejecta  from  5.5  m  sec-1  for  16-100  /jm-sized  grains 
to  4.5  msec"1  for  1/im-sized  ones.  We  also  explore  the  time  variations  in  the 
dust  clouds  caused  by  individual  impacts  of  larger  meteorites.  These  variations 
are  shown  to  be  relatively  unimportant  for  the  micrometer-sized  dust,  but  may 
be  pronounced  for  centimeter-sized  debris. 
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DUST  NEAR  THE  BOUNDARY  OF  SATURNIAN  MAGNETO¬ 
SPHERE:  THE  ORIGIN,  EVOLUTION,  AND  FATES  OF  EJECTA 
FROM  HYPERION 

Alexander  Krivov  (1)  and  Marek  Banaszkiewicz  (2) 

(1)  St.  Petersburg  University,  198904  St.  Petersburg,  Russia,  (2)  Space  Re¬ 
search  Centre,  00-716  Warsaw,  Poland. 

The  surface  of  Hyperion,  a  small  icy  satellite  of  Saturn,  is  exposed  to  hyper¬ 
velocity  impacts  of  two  classes  of  projectiles  —  interplanetary  grains  and  dust 
particles  coming  from  the  outermost  moon  Phoebe.  As  a  result,  the  surface 
material  of  Hyperion  is  continuously  ejected  to  the  planetocentric  space.  The 
ejected  grains  experience  a  large  array  of  perturbing  forces  — *  Titan’s  gravity, 
radiation  pressure,  and  the  plasma  drag  force,  the  latter  being  quite  complex  as 
the  Hyperion  orbit  is  close  to  the  boundary  of  Saturn’s  magnetosphere.  Unlike 
the  motion  of  Hyperion,  stabilized  by  a  strong  4:3  mean  motion  resonance  with 
Titan,  the  orbits  of  Hyperion’s  ejecta  are  liberated  from  the  resonance  and 
experience  multiple  close  approaches  to  Titan.  Using  numerical  integrations  of 
a  large  number  of  grains’  trajectories,  we  derive  a  spatial  distribution  of  dust 
in  the  Hyperion-Titan  system  and  find  out  the  eventual  fates  of  the  debris. 
Most  of  the  grains  larger  than  ~  5pm  in  size  finally  collide  with  Titan,  whereas 
smaller  particles  typically  hit  Saturn.  Our  estimates  of  the  dust  influx  to  Titan 
show  that  the  upper  limit  of  the  income  rate  of  the  Hyperion  particles  may 
exceed  the  direct  influx  of  IDPs  by  two  orders  of  magnitude.  The  influx  of  icy 
( )  particles  from  Hyperion  is  suggested  as  a  possible  explanation  of  the 
observed  abundance  of  CO2  molecules  in  Titan’s  atmosphere. 


GALILEO  OBSERVATIONS  OF  DUST  PARTICLES  EJECTED 
FROM  JUPITERS  GALILEAN  SATELLITES 

Harald  Kruger  (1),  Eberhard  Grim  (1)  and  and  the  Galileo  and  Ulysses  Dust 
Teams  (2) 

(1)  Max-Planck-Institut  fur  Kernphysik,  Saupfercheckweg  1,  69117  Heidelberg, 
Germany,  (2)  . 

The  Dust  Detector  System  (DDS)  onboard  the  Galileo  spacecraft  measures 
sub-micrometer  and  micrometer  sized  dust  particles  in  the  Jovian  system.  En¬ 
hanced  dust  impact  rates  have  been  detected  within  several  minutes  around 
the  closest  approaches  of  the  spacecraft  to  the  three  Galilean  satellites  Callisto, 
Ganymede  and  Europa.  The  impact  directions  and  velocities  of  these  particles 
are  compatible  with  particles  originating  from  the  satellites  themselves.  Their 
sizes  are  in  the  range  0.3  to  1/im.  We  interpret  these  particles  as  secondary 
ejecta  particles  kicked  up  by  impacts  of  micrometeoroids  onto  the  surfaces  of 
the  satellites.  Such  an  ejection  process  of  secondary  particles  has  been  sug¬ 
gested  as  being  responsible  for  maintaining  both  the  Jovian  ring  and  Saturn’s 
E  ring.  The  measured  impact  rates  indicate  that  each  satellite  is  surrounded 
by  a  dust  cloud  with  increasing  density  towards  the  satellite.  In  the  case  of 
Ganymede  the  extension  of  the  cloud  is  only  a  few  satellite  radii. 


ENERGETIC  PARTICLES  IN  THE  JOVIAN  MAGNETOSPHERE: 
RESULTS  FROM  THE  ENERGETIC  PARTICLES  DETECTOR  (EPD)  ON 
BOARD  GALILEO 

N.  Krupp  (1),  l  Woch  (1),  A.  Lagg  (1),  S.  Livi  (1),  B.  Wilken  (1)  and  D.J. 
Williams  (2) 

(1)  Max-Planck-Institut  fbr  Aeronomie,  Germany,  (2)  The  Johns  Hopkins 
University  Applied  Physics  Laboratory,  USA 
kmpp@linmpi.  mpg.de/Fax:  +49-5556-979139 

During  its  prime  mission  Galileo  spent  two  years  inside  the  Jovian  magnetosphere. 
It  was  possible  for  the  first  time  to  monitor  the  Jovian  magnetosphere  for  such  an 
extended  time  period.  The  data  coverage  ranges  from  10  Jovian  radii  (Rj)  at 
penjove  in  the  post  noon  sector  and  150  R;  in  the  Jovian  magnetotail  near 
midnight.  Ion  (22  keV-55  MeV)  and  electron  (15-884  keV)  measurements  from  the 
Energetic  Particles  Detector  (EPD)  were  used  to  investigate  the  overall  morphology 
of  the  Jovian  magnetosphere.  We  observed  a  pronounced  dawn-dusk  asymmetry  in 
the  inner  magnetosphere  with  higher  particle  intensities  in  the  dusk  sector  relative 
to  the  dawn  sector  at  comparable  distances.  These  enhancements  were  associated 
with  particle  anisotropies  in  radial  direction  away  from  the  corotation  direction.  In 
addition  EPD  observed  a  change  in  the  ion  energy  spectra  between  20  and  25  R; 
related  to  a  transition  between  a  dipole-like  magnetic  field  topology  and  the 
equatorial  current  sheet  beyond  that  distance.  We  will  present  a  detailed  study  of 
the  Jovian  plasma  sheet  as  a  function  of  local  time  and  distance. 


PLANETARY  IONS  IN  THE  MARTIAN  TAIL 
H.  Lichtenegger  (1),  E.  Dubinin  (2) 
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Budapest,  (4)  Institut  fur  Weltraumforschung  Graz 
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Based  on  a  recent  model  of  the  martian  atmosphere/exosphere  and  a  model  of  the 
magnetic  field  and  solar  wind  flow  around  Mars,  the  distribution  of  different 
planetary  ion  species  in  the  tail  is  modeled.  Three  main  regions  are  identified:  1) 
'clouds'  of  pickup  ions  with  mass/charge  separation  travel  along  cycloidal 
trajectories,  2)  plasma  mantle,  3)  plasma  sheet  Energy  of  ions  in  these  regions  is 
analysed  and  compared  with  observations.  Escape  rates  of  ions  of  different  species 
are  estimated. 


THE  IONOSPHERE  OF  TITAN:  IDEAL  DIURNAL  AND 
NOCTURNAL  CASES 

J.  Lilenstenfl).  M.  Galand(2),  D.\Toublanc(3),and  S.  Maurice(4) 

(1)  SGEP-CEPHAG,  France  ;(2)NCAR-HAO,  USA  ;  (3)  CESR,  France  ; 
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We  have  solved  a  stationary  Boltzmann  transport  equation  to  describe  the 
ionosphere  of  Titan  in  two  simple  cases. 

The  first  one  deals  with  the  satellite  being  outside  the  Kronian 
magnetosphere  on  the  dayside  of  Saturn.  We  show  the  effect  of  the 
photoionization  and  the  secondary  ion  production.  From  these  results,  we 
deduce  the  intensity  of  different  N2  emission  lines,  that  are  compared  to  the 
Voyager  1  measurements.  We  estimate  the  electron  density  from  a  full 
chemical  code.  This  electron  density  is  then  compared  to  the  one  computed 
from  a  simple  recombination  model.  In  the  second  case,  the  satellite  is 
inside  the  Kronian  magnetosphere.  We  show  the  effect  of  the  ionization  due 
to  electron  precipitations  at  night,  above  the  polar  regions.  The  input 
electron  flux  is  measured  by  the  Voyager  probes,  gathered  from  several 
instruments  onboard.  A  model  of  the  mean  electron  flux  precipitating  on 
Titan  is  proposed.  The  photoelectron  production  above  the  pole  is  compared 
to  the  effect  of  the  Kronian  electron  precipitations. 


A  STUDY  OF  THE  LARGE  SCALE  DYNAMICS  OF  THE  JOVIAN 
MAGNETOSPHERE  USING  THE  GALILEO  PLASMA  WAVE  EXPERIMENT 

P.  Lou  am  (I),  A  Roux  (2),  S.  Perraut  (2),  W.  Kurth  (3)  and  D.  Gurnett  (3) 
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Using  radio  wave  observations  performed  by  the  Galileo  PWS  experiment,  we  show' 
that  large  scale  energetic  phenomena  recurrently  occur  in  the  Jovian 
magnetosphere  with  a  periodicity  of  50  to  80  hours.  Their  onsets  are  indicated  by 
sudden  detections  of  bursts  of  kilometric  radiations  (b-KOM).  They  are  followed  by 
intensifications  of  the  auroral  radio  emissions  (DAM  and  HOM)  and  also 
correspond  to  important  reorganizations  of  the  sources  of  the  n-KOM,  a  specific 
emission  coming  from  the  outer  regions  of  the  Io  torus.  Moreover,  Galileo,  located 
at  more  than  60  Rj  from  Jupiter,  observes  important  modifications  in  the  structure 
of  the  magnetodisc.  Regions  of  extremely  rarefied  plasma  having  a  limited 
longitudinal  extension  are  crassed.  These  perturbation  are  observed  for  10  to  20 
hours  and  are  followed  by  thickenings  of  the  magnetodisc.  These  energetic  events 
play  an  important  role  in  the  control  of  the  different  jovian  radio  emissions  and 
present  obvious  analogies  with  the  geomagnetic  substorms.  They  should  be  the 
consequences  of  explosive  releases  of  energy  in  the  jovian  magnetosphere. 
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OBSERVATIONS  OF  H3  A  =  2.121/1  AND  H}  A  s=  2.093/1  EMIS¬ 
SION  IN  JUPITER’S  NORTH  POLAR  CAP  SHORTLY  AFTER 
THE  IMPACT  OF  COMET  SL9 
H.  Mai  and  K.  Jockers 
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As  part  of  the  international  campaign  to  observe  the  impacts  of  the  fragments 
of  comet  Shoemaker-Levy  9  on  Jupiter  from  the  ESO  observatory  on  La  Silla 
we  obtained  infrared  (K-band)  images  of  Jupiter  with  the  IRAC2b  camera  at¬ 
tached  to  the  2.2m  telescope  between  July  22  and  24,  1994.  The  images  were 
taken  through  a  tunable  Fabry-Perot-interferometer  with  spectral  resolving 
power  of  1400.  The  lines  A  =  2.093/im  (H+)  and  A  =  2.121/im  (H2  quadruple 
transition)  and  a  continuum  at  A  =  2.108/im  were  observed.  The  observations 
cover  almost  a  full  rotation  of  Jupiter.  The  observing  method  necessitates  eval¬ 
uation  of  the  difference  between  on-line  and  continuum  emission.  Therefore  the 
ability  of  the  method  to  detect  line  emission  is  strongly  dependent  on  the  in¬ 
tensity  of  background  continuum.  Because  of  the  strong  continuum  present  at 
the  impact  sites  no  line  emission  directly  associated  with  the  impacts  could  be 
observed,  but  we  find  line  emission  in  an  auroral  arc  close  to  the  L  =  30  shell 
around  A///  =  150°.  Its  intensity  appears  enhanced  as  compared  with  previous 
spectral  measurements.  This  is  probably  caused  by  the  SL9  impacts. 


KINETIC  CHARACTERISTICS  OF  THE  SOLAR  WIND  INTERACTION 
WITH  MARS 

C.  Mazelle  (1),  H.  Rhine  (1),  J.A.  Sauvaud  (1),  C.  dUston  (1),  D.  Vignes  (1),  M.  H. 
Acuna  (2),  J.E.P.  Connemey  (2),  P.  Wasilewski  (2),  R.P.  Lin  (3),  D.L.  Mitchell  (3), 
KA.  Anderson  (3),  C.W.  Carlson  (3),  J.  McFadden  (3),  D.W.  Curtis  (3),  P.  Cloutier 
(4),  M.  Mayhew  (5),  N.F.  Ness  (6),  S.J.  Bauer  (7) 

(1)  CESR  Toulouse,  France  (2)NASA-GSFC,  USA  (3)  SSL  Berkeley,  USA  (4)  Rice 
Univ.,  USA,  (5)  NSF,  USA  (6)  Bartol  Res.  Inst.,  USA  (7)  Graz/SRI,  Austria 

The  measurements  made  by  the  MAG/ER  experiment  onboard  Mars  Global  Surveyor 
has  provided  a  huge  amount  of  new  informations  on  the  magnetic  topology  of  Mars, 
proving  definitively  that  the  planet  does  not  possess  a  measurable  global  dipolar 
magnetic  moment  These  results  also  indicate  that  the  solar  wind  interaction  with  the 
planet  produces  a  magnetic  environment  that  is  unique  among  the  planets  of  the  solar 
system.  This  interaction  occurs  on  spatial  scales  where  the  ion  gyroradii  are  larger  than 
the  subsolar  region  thickness  and  comparable  to  the  planet  radius.  This  strongly 
suggests  that  the  ion  kinetic  effects  play  a  significant  role.  These  include  the  wave-like 
behavior  of  the  bow  shock  region  and  the  observed  asymetry  of  the  magnetic  structure, 
particularly  on  the  magnetic  pileup.  We  present  a  correlative  analysis  of  the  magnetic 
field  and  electron  plasma  data  and  discuss  the  results  in  the  light  of  recent  modeling 
and  simulation  efforts. 


FAR  UV  JUPITER’S  AURORAS  IMAGES  IN  HIGH  SPATIAL  I 
RESOLUTION  WITH  FAINT  OBJECT  CAMERA  ON  POST  | 
COSTAR  HUBBLE  SPACE  TELESCOPE 

L.  Pallier  and  R.  Prange 

Institut  d’Astrophysique  Spatiale,  Bat  121,  CNRS-Universite  Paris  XI,  91405 
Orsay  Cedex  France. 
pallierOias.fr,  prange0ias.fr 

We  present  here  a  set  of  8  far  UV  images  of  Jupiter’s  aurorae  taken  on  25 
june  1994  with  the  Faint  Object  Camera  (FOC)  on  board  the  Hubble  Space 
Telescope  (HST)  after  correction  of  its  spherical  aberration.  A  fast  wavelet 
transform  (FWT)  processing  has  been  used  to  enhance  auroral  structures.  The 
emission  were  faint  on  that  particular  day,  but  all  structures  are  identified:  main 
oval,  diffuse  polar  cap  emission  and  narrow  concentric  arcs  are  observed  in  the 
north  hemisphere.  We  will  discuss  the  differences  betwen  our  observations  and 
the  magnetic  field  model  and  we  will  compare  this  set  of  images  with  images 
obtained  a  few  months  later. 


INFLUENCE  ON  THE  EARTH’S  MAGNETOSPHERE  OF 
A  DUST  RELATED  TO  COSMIC  BODIES 

S.  I.  Popel 

Institute  for  Dynamics  of  Geospheres,  Leninsky  pr.  38,  Building  6, 
117979  Moscow,  Russia.  E-mail:  popel@td.lpi.ac.ru 

The  influence  on  the  Earth’s  magnetosphere  of  a  dust  related  to  cos¬ 
mic  bodies  which  can  appear  in  the  vicinity  of  the  Earth  is  studied. 
Two  possibilities  for  the  appearance  of  the  dust  are  considered:  1)  cos¬ 
mic  bodies  entering  the  Earth’s  magnetosphere  are  embedded  in  a  dust 
cloud;  2)  dust  grains  appear  as  a  result  of  condensation  after  destruc¬ 
tion  of  a  cosmic  body  due  to  an  explosion  which  pursues  the  goals  to 
prevent  “asteroid  hazard”.  The  process  of  dust  particles  charging  in  the 
magnetosphere  is  taken  into  account.  It  is  shown  that  the  presence  of 
charged  dust  particles  can  result  in  formation  of  a  current  system  in 
the  magnetosphere.  Its  possible  consequences  for  the  Earth’s  environ¬ 
ment  are  studied.  The  conditions  on  the  parameters  of  the  explosion 
in  the  problem  of  the  prevention  of  “asteroid  hazard”  (when  this  explo¬ 
sion  consequences  for  the  Earth’s  environment  are  not  dangerous  and, 
in  particular,  one  can  neglect  a  violation  of  the  magnetosphere  structure 
as  a  result  of  this  explosion)  are  found.  A  scheme  of  an  active  geophysi¬ 
cal  experiment  which  models  the  interaction  of  a  dust  related  to  cosmic 
bodies  with  the  Earth’s  magnetosphere  is  proposed. 


SWS  SPECTRAL  SCANS  OF  ASTEROID  4  VESTA 

P.  Morris  (1,2),  B.  Vandenbussche  (1,2),  H.  Feuchtgriiber  (1),  A.M.  Heras  (1), 
F.  Lahuis  (1),  K.  Leech  (1),  R.  Lorente  (1),  A.  Salama  (1)  and  E. 
Wieprecht  (1,2) 

(1)  ISO  Science  Operations  Centre,  ESA,  Vilspa,  Spain,  (2)  Glashuis,  Majada- 
honda,  Spain. 

pmorrisCiso.vilspa.esa.es/Fax:  [34]  1-8131353 

The  2.4-45. 2/im  spectral  properties  of  the  Vesta-class  prototype  (4  Vesta)  are 
being  explored  at  high  resolution  (A/ AA  =  1000-3000)  with  the  ISO-SWS.  Sev¬ 
eral  observations  have  been  obtained,  including  short  integrations  in  selected 
passbands  over  its  well-defined  rotation  period,  showing  spectral  and  photomet¬ 
ric  variability.  The  spectral  signature  in  the  30-45/im  region  is  examined  for  its 
expected  basalt  achondrite  composition  as  a  link  to  the  howardite,  eucrite,  and 
diogenite  (HED)  meteorites.  From  such  a  link,  the  grain  size  distribution  of 
the  Vesta  regolith  can  be  estimated  by  comparison  to  reflectance  spectra  of 
powders  from  [presumedly  spawned]  HED  meteorites,  as  done  in  the  0.3-2.6/im 
region  by  Hiroi,  Peters,  &  Takeda  (1994,  Meteoritics,  29,  394). 


A  STUDY  OF  THE  DYNAMICS  OF  AURORAL  PROCESSES  ON 
JUPITER.  CORRELATION  WITH  GALILEO  MEASUREMENTS. 

R*.  Pr&ngd  (1),  T.A.  Livengood  (2),  G.  Chagnon  (1,5),  M.  Kivelson  (3),  W. 
Kurth  (4),  P.  Zarka  (5),  S.  Maurice  (6),  T.  Fouchet  (1,5)  and  S.  Budzlen  (7) 
(1)  IAS, Orsay,  France,  (2)  NASA/GFSC,  Greenbelt,  USA,  (3)  UCLA,  Los  An¬ 
geles,  USA,  (4)  U.  Iowa,  Iowa  City,  USA,  (5)  Obs.  Paris,  Meudou,  France, 
(6)  OMP,  Toulouse,  France,  (7)  NRL,  Washington,  USA-  prange@iaa.fr. 

During  the  period  08/17  -  09/25  1996,  FUV  auroral  spectra  of  Jupiter  were 
acquired  on  a  quasi  continuous  basis  aa  part  of  the  last  IUE  Key  Project.  This 
campaign  was  coordinated  with  Galileo  measurements.  The  variability  of  the 
flux  in  the  H*  bauds  (1560-1620  A)  is  quantified  in  each  hemisphere  by  an  "au¬ 
roral  activity  index”,  calculated  every  5  to  10  hours.  The  activity  Indexes  in 
both  hemispheres  are  generally  similar  and  Indicate  a  strong  interhemispheric 
conjugacy.  We  Identify  variability  on  three  different  scales:  small  variations  of 
10-20%  are  observed  on  short  time  scales  (~  a  few  hours),  variations  by  a  factor 
of  2  to  4  occur  on  scales  of  5-10  days,  and  a  long  term  trend  Is  observed  on  a 
scale  which  exceeds  the  6  weeks  of  observations.  The  medium  scale  variations 
are  amazingly  well  correlated  with  the  state  (quiet  or  disturbed)  of  the  mag¬ 
netic  field  measured  by  the  magnetometer  pa  board  Galileo,  although  distances 
from  ~  15  to  ~  115  Rj  and  all  local  times  were  sampled  during  that  time.  This 
Indicates  temporal,  rather  than  spatial,  variations  of  the  magnetic  field,  and 
suggests  that  some  dynamical  process,  yet  to  be  Identified,  affects  the  magne¬ 
tosphere  as  a  whole.  Correlations  have  also  "been  found  with  the  Intensity  of 
the  auroral  radio  waves  measured  by  the  Galileo  PWS  experiment . 
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IO-CONTROLLED  DECAMETER  ARCS  AND  IO-JUPITER  INTERACTION 
Julien  Queinnec  and  Philippe  Zarka 

DESPA,  CNRS/Observatoire  de  Paris,  92195  Meudon,  France 
Julien.Queinnec@obspm.fr/Fax:  +33-M5072806 

The  sweeping  of  the  satellite  Io  by  Jupiter's  magnetic  field  results  in  an  electrodynamic 
circuit,  approximately  fixed  in  Io's  frame,  revealed  by  UV  and  IR  spots  at  the 
footprints  of  Io's  flux  tube  (IFT)  as  well  as  prominent  decameter  radio  arcs.  We 
analyze  the  frequency-time  shape  of  nine  of  these  "Io-arcs",  detected  over  their  full 
frequency  extent  in  joint  Nancay  and  Wind  data,  and  corresponding  to  four 
observation  geometries  (A$,C  and  D).  We  compute  the  radio  beaming  angle  as  a 
function  of  frequency  and  lag  of  the  radio-emitting  flux  tube(s)  relative  to  the  IFT.  No 
assumption  is  made  on  the  radio  source  location  or  beaming.  We  find  northern  (resp. 
southern)  sources  for  A  and  B  arcs  (resp.  C  and  D).  The  shape  of  all  lo-arcs  is 
consistent  with  origin  from  a  single  flux  tube  (in  Io’s  frame),  shifted  by  10!  (in  the 
south)  to  20!  (north)  with  respect  to  the  IFT.  This  lag  must  be  accumulated  before  Io’s 
magnetic  perturbation  reaches  high  latitudes.  Radio  emission  is  beamed  in  a  hollow 
cone  of  average  aperture  75!  and  thickness  1 !.  Arc  shapes  are  fully  determined  by  the 
geometry  of  observation.  Radio  fringes  preceding  the  main  Io-B  arcs  are  well 
explained  by  multiple  reflections  of  the  magnetic  perturbation  between  Jupiter’s 
ionosphere  and  Io's  torus.  The  weak  trailing  part  of  Io-B  arcs  may  be  accounted  for 
through  double-beaming  of  the  radio  emission  or  a  frequency-  dependent  lag  of  the 
corresponding  radio  source.  The  latter  explanation  suggests  an  emission  scenario  in 
which  electron  acceleration  "leaks”  from  the  magnetic  perturbation  on  its  way  to 
Jupiter.  Magnetic  field  models  are  compared  and  evaluated  in  the  analysis. 


THE  SOLAR  WIND-MARS  INTERACTION  FROM  THE  MARS  GLOBAL 
SURVEYOR  SPACECRAFT  MEASUREMENTS 

B,.,B&me  (1),  C.  Mazelle  (1),  J.  A.  Sauvaud  (1),  C.  d’Uston  (1),  D.  Vignes  (1),  R. 
PXin  (2),  K.  A  Anderson  (2),  C.  W.  Carlson  (2),  J.  McFadden  (2),  D.  W  Curtis  (2), 
D.  Mitchell  (2),  M.  H.  Acuna  (3),  J.  E.  P.  Connemey  (3),  P.  Wasilewski  (3),  P. 
Cloutier  (4),  M.  Mayhew  (5),  N.  F.  Ness  (6),  S.  J.  Bauer  (7) 

(1)  CESR  Toulouse,  (2)  SSL  Berkeley,  (3)  NASA-GSFC,  (4)  Rice  Univ.,  (5)  NSF, 
(6)  Bartol  Res.  Inst.,  (7)  Graz/SRI 

The  Mars  Global  Surveyor  (MGS)  spacecraft  is  in  an  elliptical  orbit  around  Mars 
since  September  11,  1997.  At  the  time  of  the  EGS  meeting  more  than  100  orbit 
results,  with  a  very  low  altitude  periapsis  (150  Km  or  less)  to  cover  ionopause 
traversals  and  an  apoapsis  large  enough  to  cover  all  the  interaction  from  the 
upstream  regions  of  the  shock  ,  the  shock  and  the  pile-up  magnetic  field  region,  will 
be  available.  The  MAG/ER  instrument  on  board  MGS  includes  magnetic  field  and 
electron  distribution  measurements.  The  first  results  show  that  the  ionized 
environment  of  Mars  is  higly  assymetric  and  looks,  from  many  points  of  view,  both 
like  the  solar  wind-active  comet  interaction  and  the  solar-wind- Venus  interaction. 
This  is  linked  to  the  absence  of  an  intrinsic  magnetic  field  of  the  planet  Mars  as  it  is 
now  well  proven  from  the  results  of  our  instrument.  However  the  martian  ionized 
environment  has  its  own  peculiar  features,  some  of  them  being  related  to  localized 
strong  crustal  remanent  magnetic  fields.  An  overview  of  these  new  and  extremely 
important  results  on  the  ionized  martian  environment  will  be  presented. 


MARS  AND  ITS  MOONS  IN  THE  SOLAR  WIND 
Konrad  Sauer  and  Eduard  Dubinin 

Max- Planck- Institut  fur  Aeronomie,  Katlenburg-Lindau,  Germany 
sauer@linaxl.mpae.gwdg.de 

The  structure  of  the  Martian  magnetosphere  is  essentially  determined  by  the  direct 
interaction  of  the  solar  wind  with  the  planetary  exosphere/ionospere.  After  the 
preliminary  results  of  the  Mars  Global  Surveyor  mission  it  has  been  confirmed 
that  Mars  has  no  global  dipole  field  which  is  strong  enough  to  explain  the 
observed  shape  and  position  of  the  bow  shock.  It  is  shown  that  this  apparently 
existing  discrepancy  dissolves  if  instead  ofMHD  description  a  bi-ion  fluid  model 
is  used.  A  proton  boundary  Cprotonopause')  is  formed,  which  stops  the  protons 
but  is  penetrable  for  the  IMF  due  to  the  flow  of  heavy  ions.  Results  of  2D 
simulations  are  presented.  New  exciting  results  were  found  about  the  solar  wind 
response  on  P hobos  and  Deimos.  It  is  concluded  that  the  significant  solar  wind 
disturbances  seen  in  large  distances  from  Mars  are  caused  by  the  moon's  gas/dust 
tori. 


A  DETAILED  MAPPING  OF  THE  MAGNETOPAUSE  SURFACE 
OF  A  GLOBAL  MODEL  OF  MERCURY’S  MAGNETOSPHERE 

Jacob  G.  Scott  (1)  and  Irene  M.  Engle  (2) 

(1,2)  Physics  Department,  United  States  Nava!  Academy,  572  Holloway  Road, 
Annapolis,  MD  21402-5026  USA. 

m985850Cnadn .navy .mil .engleCarctic .nadn .navy .mil/Fax:  [01)4102933729 

A  fitting  of  the  Mercury  magnetometer  data  to  a  magnetosphere  model  scaled 
and  adapted  from  an  earth-based  model  has  been  published  in  Planetary  and 
Space  Science  (January,  1997).  The  model  is  comprised  of  a  self-consistent  sum 
of  contributions  representing  (i)  a  tilted,  offset  planetary  dipole  to  represent 
the  intrinsic  planetary  contribution,  (ii)  a  scaled  magnetotail  contribution,  and 
(iii)  a  separately  scaled  contribution  representing  the  effect  of  the  solar  wind 
interaction.  The  vector  sum  of  the  three  contributions  within  the  model  magne¬ 
topause  represents  the  model  magnetospheric  field.  The  field  is  mathematically 
defined  outside  the  magnet  pause  even  though  there  is  no  associated  physical 
significance.  To  aid  in  the  use  of  the  Mercury  field  model  for  future  mission 
planning  purposes,  a  mapping  of  the  magnetopause  was  done  and  is  presented 
as  a  5°  by  5°  grid  representation  of  R(0,  ^),  where  9  is  a  co-latitude  and  <f>  is  a 
longitude.  For  any  particular  a  maximum  distance  R  was  determined  such 

that  the  field  line  passing  through  that  location  would  have  at  least  one  foot¬ 
print  on  the  planet  and,  if  lacking  a  second  footprint,  would  be  a  well-defined 
tail  line.  Each  location  on  the  model’s  magnetopause  has  passing  through  it  a 
field  line  with  at  least  one  footprint  in  the  vicinity  of  a  cusp. 


LOW  FREQUENCY  TURBULENCE  AT  THE  MARTIAN  BOW 
SHOCK:  PHOBOS-2  OBSERVATIONS. 

A.  Skalsky  (1),  V.  Krasnosel’skikh  (2),  R.  Grard  (3)  and  K.  Schwingenschuh 

(4) 

(1)  Space  Research  Institute,  117810,  Profeojusnaia  st.,  84/32,  Moscow,  Rus¬ 
sia,  (2)  LPCE/CNRS,  45071  Orleans,  Cedex  2,  France,  (3)  SSD,  ESA-ESTEC, 
Postbus  299  2200  AG  Noordwijk,The  Netherlands,  (4)  Institut  fur  Weltraum- 
forschung/OAW,  8010  Graz,  Inffeldgasse  12,  Austria. 
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Magnetic  and  electric  field  measurements  obtained  onboard  the  Phobos-2 
spacecraft  are  used  to  study  the  plasma  turbulence  at  frequencies  below 
10Hz  for  two  crossings  of  the  Martian  bow  shocks,  identified  as  supercriti¬ 
cal,  quasiperpendicular  shocks.  Wave  amplitudes  inrease  throughout  the  foot 
region  and  rearch  their  maximum  values  at  the  shock  ramp.  Spectra  of  the 
magnetic  field  fluctuations  measured  in  the  shock  loot  exhibit  two  peaks  at 
frequencies  below  0.3  Hz  and  in  the  frequency  range  from  0.4  to  1.5  Hz.  The 
comparison  between  observations  made  at  the  Martian  and  Earth’s  bow  shocks 
reveals  that  the  intrinsic  properties  of  the  ULF  turbulence  are  likely  similar. 
This  fact  indicates  that  ULF  waves  observed  at  the  Martian  bow  shock  haa 
the  same  origin,  i.e  ULF  waves  are  generated  by  the  nonlinear  evolution  of  the 
shock  front. 


ELECTRIC  CHARGE  OF  NON-SPHERICAL  DUST  PARTICLES 
AND  DYNAMICS  OF  DUST  PARTICLES  IN  PLANETARY 
MAGNETOSPHERES 

I.JSvestka  (1),  E.  Grun  (2)  and  J.  Kubelik  (3) 

(1)  Prague  Observatory,  Czech  Republic,  (2)  MPI-K,  Heidelberg,  Germany, 
(3)  JK  Group,  Prague,  Czech  Republic 
svestka  @  bbsJnflma.cz 

Dust  particles  in  space  are  generally  electrically  charged.  Up  to  now,  for  a 
simplicity,  only  charges  of  spherical  particles  have  been  considered.  Dust 
particles  can  be,  however,  highly  non-spherical.  Non-spherical  particles  can 
cany  at  a  given  potential  and  mass  more  electric  charges  and,  therefore,  can 
have  higher  charge-to-mass  ratio  compared  to  spherical  ones.  For  example, 
keeping  the  mass  and  the  potential  constant,  the  total  electric  charge  on 
conducting  prolate  and  oblate  spheroids  increases  with  increasing  ratio  of  the 
major  to  the  minor  axis.  Charges  on  conducting  dust  particles  of  various 
shapes  were  calculated  with  help  of  the  Simion  6.0  program.  Implications  of 
results  for  a  dynamics  of  dust  particles  in  planetary  magnetospheres  are 
discussed 
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ION  TEMPERATURES  IN  THE  10  PLASMA  TORUS 

N.  Thomas  and  G.  Lichtenberg  (Max-Planck-Institut  fur 
Aeronomie,  D-37189  Katlenburg-Lindau,  GERMANY) 

A  set  of  ground-based  spectroscopic  observations  of  [SII] 
emission  from  the  Io  plasma  torus  is  described.  The 
Doppler-resolved  spectra  show  that  the  perpendicular  ion 
temperature  decreases  with  Jovicentric  distance  beyond  6.0 
Rj  and  increases  with  distance  from  the  plasma  equator. 
Using  a  simple  model,  a  “Kappa”-distribution  provides  a 
reasonable  fit  to  our  data.  It  is  also  shown  that  ion 
temperatures  measured  by  the  Voyager  1  plasma  sciences 
investigation  (PLS)  can  be  fit  in  a  similar  manner  with  the 
same  parameters.  This  provides  a  possible  explanation  for 
the  apparent  increase  in  ion  temperature  with  jovicentric 
distance  seen  in  the  PLS  data. 


DYNAMICS  OF  THE  JOVIAN  MAGNETOTAIL 

J,  Woch  (I),  N.  Krupp  (1),  A.  Lagg  (1),  B.  Wilken  (I),  S.  Livi  (1)  and  D.  J. 
Williams  (2) 
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The  Energetic  Particles  Detector  (EPD)  onboard  the  Galileo  spacecraft  provides 
comprehensive  observations  of  the  hot  plasma  environment  in  the  Jovian 
magnetotail  region  which  allowed  for  the  first  time  to  delineate  spatial  boundaries 
within  the  tail  from  temporal  variations.  The  most  prominent  features  in  the  inner 
to  middle  plasma  sheet  are  distinct  quasi-periodic  variations  of  the  ion  intensities 
and  spectral  shape  which  are  superimposed  on  the  well-known  10-hour  modulation 
due  to  the  planetary  rotation.  They  are  dearly  of  temporal  nature  with  a 
characteristic  modulation  period  of  about  3  days.  The  oscillations  are  associated 
with  a  change  of  the  flow  pattern  from  a  co-rotational  flow  to  an  increasingly 
tailward  stretched  flow  pattern.  These  quasi-periodic  modulations  are  possibly 
closely  related  to  repetitive  particle  flow  bursts  frequently  observed  in  the  distant 
tail.  We  tentatively  suggest  that  the  observations  can  be  attributed  to  a  large-scale 
reconfiguration  process  with  an  inherent  time  constant.  The  process  resembles  in 
many  aspects  the  dynamics  of  the  Earth's  magnetotail  during  substorms. 


Waves  in  magnetized  plasmas:  two  fluid  wave  equation  formulation 
T.  I.  Woodward  1  and  J.  F.  McKenzie2 

1  Space  Physics,  Imperial  College,  London  SW7-2BZ,  England 
2Max-Planck  Institut  fiir  Aeronomie,  Katlenburg-Lindau,  Germany 
email:  twoodward@ic.ac.uk 

The  theoretical  study  of  waves  in  magnetized  plasmas  is  often  carried  out  by  making 
use  of  the  conductivity  and  dielectric  tensors.  We  present  a  formalism  using  analogous 
MHD  fluid  variables,  which  does  not  require  the  use  of  either  these  quantities.  The 
result  is  a  system  of  coupled  wave  equations  cast  in  terms  of  the  characteristic 
variables  of  the  system  and  limited  only  to  the  fluid  approximation.  These  variables 
turn  out  to  be  operations  on  the  electric  field,  namely  its  divergence,  parallel 
elongation  and  its  parallel  curl.  The  advantage  of  this  formulation  is  the  transparent 
physical  interpretation  of  the  propagation  characteristics  of  these  variables.  We 
illustrate  the  usefulness  of  our  approach  by  considering  several  special  frequency 
regimes  and  comparing  the  results  to  these  well-documented  cases. 


Stationary  incompressible  MHD  perturbations  generated  by  a  current  source  in 
a  moving  plasma 

T.  I.  Woodward  1  and  J.  F.  McKenzie2 
ISpace  Physics,  Imperial  College,  London  SW7-2BZ,  England 
2Max-Planck  Institut  fiir  Aeronomie,  Katlenburg-Lindau,  Germany 
email:  twoodward@ic.ac.uk 

We  consider  the  inductive  interaction  between  a  conducting  body  and  a  magnetized 
incompressible  plasma  in  relative  uniform  motion,  which  has  application  to  the 
Io- Jupiter  system,  for  example.  An  incompressible  plasma  only  supports  one  mode  of 
propagation,  namely  the  Alfvin  mode.  In  the  case  of  free  oscillations,  this  mode 
propagates  the  perturbations  in  the  magnetic  field  and  in  the  plasma  velocity 
unattenuated  along  the  direction  of  the  background  field,  while  the  plasma  pressure 
balances  the  magnetic  pressure.  The  situation  changes  in  the  presence  of  source 
currents  and  in  a  flowing  plasma.  In  particular,  the  parallel  plasma  vorticity  and 
parallel  plasma  current  are  propagated  unattenuated  along  the  familiar  AJfvin 
characteristics,  while  the  field  and  velocity  perturbations  suffer  Laplacian  decay  in  the 
near  field.  We  study  these  perturbations  in  the  frame  of  the  body,  and  compare  them 
to  the  case  of  no  source  terms. 


ENTIRE  MOTION  OF  A  PLASMA  SHEET:  MHD  THEORY 
M.  Yamauchi  (1)  and  A.  T.  Y.  Lui  (2) 

(1)  Swedish  Institute  of  Space  Physics,  Box  812,  S-98128  Kiruna,  Sweden, 

(2)  JHU/APL,  Laurel,  MD  20723-6099,  USA. 

One  important  issue  in  space  plasma  physics  is  the  dynamics  of  a  current  sheet 
such  as  the  terrestrial  plasma  sheet,  Jovian  current  disk,  heliospheric  current 
sheets,  filaments  of  the  solar  chromosphere  and  corona,  and  bow  shocks  and 
magnetopauses  of  the  planetary  magnetospheres.  This  topic  could  also  be  im¬ 
portant  for  dense  plasma  inside  plasma  laboratories  or  stars  as  well.  We  have 
studied  large-scale  coherent  motions  of  the  plasma  sheet  such  as  flapping  or 
tearing  of  the  entire  plasma  sheet  with  consideration  of  non-uniformity  due  to 
the  background  cross-sheet  current.  Basic  assumptions  in  this  MHD  treatment 
are  rapid  decay  of  the  wave  energy  outside  the  current  sheet,  uniformity  in 
the  sheet  current  direction,  and  neglect  of  kinetic  effects.  The  analysis  leads  to 
modified  dispersion  relations  for  the  linear  MHD  fast  and  slow  waves  which  con¬ 
tain  imaginary  parts  because  energy  is  exchanged  between  the  waves  and  the 
background  sheet  current.  A  short- wavelength  MHD  slow  wave  (thick  plasma 
sheet  approximation  near  Earth)  propagating  against/along  the  magnetic  ten¬ 
sion  force  is  unstable/stable,  whereas  the  situation  is  reversed  for  the  MHD 
fast  wave.  For  a  thin  current  sheet  (long-wavelength  limit)  near  the  neutral 
region,  the  MHD  slow  wave  becomes  stagnant  and  very  unstable,  whereas  the 
MHD  fast  wave  propagates  slowly  and  its  stability  depends  on  the  strength  of 
the  background  current.  These  instabilities  are  similar  to  but  different  from  the 
tearing  mode  instability. 
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CONSERT  EXPERIMENT  FOR  THE  ROSETTA  MISSION 

Y.  Barbin'.  W.  Kofman2,  E.  Nielsen3,  T.  Hagfors3,  R.  Seu4  and  G. 
Picardi4 

'Service  d'Aeronomie,  B.P.  3,  91371  Verrieres,  France;  2CEPHAG, 
B.P.46,  38402  Saint  Martin  d’Heres,  France;  3MPAE,  Postfach  20, 
37191  Katlenburg-Lindau,  Germany;  4Infocom,  via  Eudossiana  18, 
00184  Rome,  Italy. 

yves.barbin@aerov.jussieu.fr  /  fax  :  +33  1  64  47  43  79 

In  this  paper,  we  describe  the  experiment  CONSERT  and  its  technical 
solutions.  The  time  domain  transponder  technique  which  is  used  is 
deeply  described,  as  well  as  its  technical  implications.  The  suitability 
between  the  science  experiment  and  the  solution  adopted  is  shown. 
The  whole  chain  :  transmitter,  receiver  and  antennas  on  the  orbiter  and 
on  the  lander,  its  synchronisation  and  its  specifications  are  discussed, 
as  well  as  the  electronic  solution  we  adopted.  Finally,  we  present  the 
antenna,  its  mechanical  solution  and  its  transmission  characteristics. 


INFLUENCE  OF  THE  ENERGY  INPUT  ON  THE  VAPOR 
FLUX  AND  ON  THE  TEMPERATURE  DISTRIBUTION  OF 
COMET  NUCLEIS 

JohannesBenkhoff  (D 

0)  DLR  Institute  of  Planetary  Exploration,  Berlin,  Johannes.Benkhoff@dlr.de 

Understanding  the  power  balance  at  the  surface  of  the  nucleus  is  essential  to  study  the 
chemical  and  physical  evolution  of  a  comet  Therefore,  we  present  a  detailed  energy 
budget  analysis  for  the  surface  of  a  model  comet  in  the  orbit  of  P/Wirtanen,  target 
comet  of  the  European  space  craft  mission  Rosetta,  for  a  variety  of  parameters  and 
assumptions.  We  will  show  that  for  a  fast  spinning  Jupiter-family  comet  like 
P/Wirtanen  with  a  rotation  period  of  about  6  hours  a  fast  rotator  approximation 
underestimates  the  effective  energy  input  This  yields  to  lower  gas  fluxes  from  the 
surface.  For  an  active,  non  dust  covered  surface  we  obtain  a  water  gas  flux  on  the 
order  of  about  of 2.  *  10  29  molecules  s  **.  This  value  is  within  the  order  of  measured 
values  for  comet  P/Wirtanen  at  perihelion.  But  the  calculated  values  are  maximum 
gas  fluxes  at  noon  -  not  averaged  over  one  cometary  day  or  taking  lesser  insolation  of 
the  pol  areas  into  account  Therefore  we  conclude  that  maybe  the  determined  radius 
of  comet  P/Wirtanen  is  much  larger  than  the  value  of  about  700m.  A  radius  in  the 
order  of  2  or  3  km  seems  to  be  more  likely  to  explain  the  measurements.  One  other 
possibility  could  be  that  water  ice  particles  are  blown  off  from  the  surface  like  dust 
particles.  This  may  also  increase  the  effective  surface  area  of  sublimation 


IONS  IN  COMETS  C/1996  Ql  (TABUR)  AND  46P / WIRTANEN 
T.  Bonev  (1,*),  K.  Jockers  (1)  and  T.  Credner  (1) 

(1)  Max-Planck-Institute  for  Aeronomy,  37191  Katlenburg-Lindau,  Germany, 
(*)  on  leave  from  Institute  of  Astronomy,  Bulgarian  Academy  of  Sciences,  Tsari- 
gradsko  chausee  72,  1874  Sofia,  Bulgaria. 
tbonevClinmpi.mpg.de/Fax:  [49]  5556  979  240 

Comets  C/1996  Ql  (Tabur)  and  46P/Wirtanen  were  observed  at  Pik  Terskol 
(Northern  Caucasus)  with  the  2m-Zeiss-Telescope  of  the  International  Centre 
for  Astronomical,  Medical  and  Ecological  Studies,  Kiev,  on  October  6-7,  1996 
and  March  11,  1997,  respectively.  The  two-channel  focal  reducer  of  the  MPAe 
was  used.  The  comets  were  observed  with  interference  filters  centered  at  614  nm 
(H20+),  426  nm  (CO+,  only  Tabur)  and  with  a  continuum  filter.  We  derive 
and  discuss  the  column  density  distribution  of  the  ions  and  their  temporal 
evolution.  The  results  will  be  compared  with  a  theoretical  model  derived  by 
Wegmann  et  al.  (submitted  to  Planet.  Sp.  Sci.),  which  allows  to  determine  the 
water  production  rate  from  the  observed  H20+  column  density  distribution. 


COMETARY  DUST  CHARACTERIZATION  BY  LABORATORY 
EXPERIMENTS  ON  SILICATES  GRAINS 

LJL  BrycfltQ  (1),  L.Colangeli  (1),  V.  Mennella  (1),  G.  A.  Baratta  (2),  G. 
Cimino  (2),  P.  Palumbo  (3),  G.  Strazzulla  (2)  and  E.  Bussoletti  (3) 
(l)Osservatorio  Astronomico  di  Capodimonte,  Napoli,  (2)Osservatorio 
Astrofisico  di  Catania,  Catania,  (3)Istituto  di  Fisica  Sperimentale,  Istituto 
Universitario  Navale,  Napoli 
brucato@  cosmic,  na.  astro.it 

We  have  produced  in  the  laboratory  different  kinds  of  cosmic  grain  analogues 
using  laser  ablation,  arc  discharge  and  grinding  methods.  With  this  techniques 
we  have  been  able  to  obtain  grains  of  different  materials  both  in  amorphous 
and  in  crystalline  phase.  Modelling  works  have  shown  the  presence  of 
submicron  grains  as  responsible  materials  of  cometary  coma  emission. 
Olivine  particles  are  thought  to  be  one  of  the  main  cometary  coma  solid 
particle  components.  In  this  work  we  report  infrared  spectra  obtained  at  a 
resolution  of  0.25  cm'1  for  dust  grains  of  different  silicates,  with  average  size 
greater  than  few  tenths  of  microns.  Moreover,  Raman  spectra  of  different 
olivine  type  grains  are  shown  to  evidence  their  structural  properties.  The 
comparison  of  our  laboratory  data  with  Hale-Bopp  coma  ground-based  and 
ISO  spectral  observations  allows  us  to  derive  interesting  hints  about  the 
nature  of  the  cometary  grains  and  their  size  distribution. 


MONITORING  OF  H20  PRODUCTION  OF  SEVERAL  COMETS 
FROM  LY-  ALPHA  MEASUREMENTS  WITH  SOHO/SWAN 

J.  Costa  (1),  T.  Makinen  (2),  J.  L.  Bertaux,  E.  Quemerais  (1),  E.  Kyrola,  W. 
Schmidt  (2)  and  R.  Lallement  (1) 

(1)  Service  d’Aeronomie  du  CNRS,  BP.  3,91371,  Verrieres-!e-Buisson,  France, 

(2)  Finnish  Meteorological  Institute,  Geophysical  Research,  P.O.  Box  503,  FIN- 
00101  Helsinki,  Finland. 

costaCaerov.jussieu.fr/Fax:  [33]  01  69  20  29  99 

TheSWAN  instrument  on-board  SOHO  is  able  to  map  the  Lyman-  alpha  emis¬ 
sion  of  comets.  From  the  analysis  of  the  intensity  pattern,  the  Hydrogen  pro¬ 
duction  rate  coming  from  the  photo-dissociation  of  water  vapor  may  be  esti¬ 
mated,  as  well  as  the  water  production  rate.  We  report  the  results  on  several 
comets  near  perihelion  and  at  far  solar  distance,  including  Hyakutake,  Hale- 
Bopp,  Wirtanen,  and  other  faint  comets.  For  several  comets,  the  determination 
of  H20  production  rate  made  by  SWAN  was  unique,  because  other  spacecraft 
(  HST,  ISO)  were  not  able  to  look  near  the  sun,  while  SWAN  may  approach 
within  a  few  degrees  of  the  Sun.  These  results  demonstrate  the  potential  of 
Lyman-alpha  measurements  for  the  monitoring  of  cometary  gas  production. 
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DYNAMICS  OF  FRAGMENTS  OF  COMETARY  NUCLEI:  AP¬ 
PLICATION  TO  C/1996  B2  HYAKUTAKE 
E.  Desvoivres  (1),  J.  Klinger  (1)  and  A.-C.  Levasseur- Regourd  (2) 

(1)  Laboratoire  de  Glaciologie  et  de  Geophysique  de  l’Environnement,  54, 
rue  Moliere,  BP  96,  38402  Saint-Martin-d’Heres  Cedex,  France,  (2)  Service 
d’Aeronomie,  BP  3,  91371  Verrieres  le  Buisson  Cedex,  France. 
desvoivrCglaciog.ujif-grenoble . ir/Fax:  [33]  (0)4  76  82  42  01 
Fragmentation  of  cometary  nuclei  is  a  rather  frequent  phenomenon.  The  frag¬ 
mentation  mechanisms  and  the  dynamics  of  the  fragments  are  not  yet  well 
understood.  In  order  to  study  the  motion  of  the  fragments  in  3  dimensions, 
we  propose  a  general  approach  based  on  classical  mechanics.  This  approach  is 
applied  to  comet  C/1996  B2  Hyakutake  in  the  coma  of  which  bright  conden¬ 
sations  were  observed  during  March  1996.  The  nature  of  the  condensations  is 
discussed  in  view  of  our  model  results.  Comparisons  are  made  with  several  split 
comets. 


OBSERVATIONS  OF  KUIPER  BELT  OBJECTS  WITH  BTA-6M 
TELESCOPE:  A  PHOTOMETRICAL  APPROACH  TO  PROTO¬ 
PLANET  DISC  CHEMISTRY 
Yu.N. Gnedin,  K.L. Maslennikov  and  O.A.Bykov 

The  Central  Astronomical  Observatory  of  Russian  Academy  of  Science,  Pulkovo, 

St. Petersburg,  Russia  196140. 

kmfigao .pnpi . spb.ru/Fax:  [7]-8 12-314-3360 

Three  Kuiper  Belt  objects  (KBO)  of  23-24  V-magnitudes  were  observed  with 
BTA-6m  Telescope  of  the  Special  Astrophysical  Observatory,  Russia.  CCD- 
photometry  in  BVRI  bands  was  performed  and  the  spectral  curves  of  the  KBOs 
normalized  reflectivity  were  obtained.  By  occasion,  an  unknown  Main  Belt  as¬ 
teroid  passed  within  20”  next  to  one  of  the  KBOs  in  the  same  frame,  which 
made  it  possible  to  compare  the  colors  of  the  two  bodies  directly.  The  normal¬ 
ized  reflectivity  curves  contain  information  about  chemical  composition  of  KBO 
surfaces  that  can  be  revealed  by  comparison  with  some  laboratory  spectra. 


THE  NASA  DISCOVERY  STARDUST  PROJECT 

Thomas  C.  Duxburv 

Jet  Propulsion  Laboratory,  Pasadena,  CA,  USA  91109 
tduxbury@naif.jpl.nasa.gov,  Fax:  1  818  3933517 

STARDUST  is  the  forth  in  a  series  of  NASA  Discovery  Missions  which 
will  return  cometary  dust  from  comet  P/Wild-2.  These  samples  are 
expected  to  be  well-preserved  relics  of  the  original  solar  nebula- 
fundamental  building  blocks  of  the  solar  system.  STARDUST  is  highly 
focused  towards  its  specific  mission  goals  and  carries  only  three 
instruments  that  are  exclusively  designed  to  collect  scientific  data:  the 
Sample  Collector ;  the  Cometary  and  Interstellar  Dust  Analyzer  for  real¬ 
time  determination  of  chemical  composition  of  dust  grains;  and  the  Dust 
Flux  Monitor  Instrument  determining  dust  density  distribution. 

STARDUST  engineering  subsystems  will  also  be  used  to  provide 
science  value:  the  Navigation  Camera  for  imaging  the  coma  and  nucleus, 
the  radio  transmitter  for  Radio  Science  during  flyby;  and  the  attitude 
control  subsystem  which  will  produce  attitude  position  and  rates  within 
the  coma. 

Mission  design,  instrument  descriptions  and  expected  science  return 
will  be  described. 


MODELLING  COMETARY  OUTGASSING  FROM  RADIO  OB¬ 
SERVATIONS 
M.  Gunnarsson 

Astronomical  Observatory,  Box  515,  S-751  20  Uppsala,  Sweden. 
marcus.gunnarssonCastro.uu.se/Fax:  [46]  18  527583 

The  shape  of  emission  lines  from  molecules  in  comets  contains  much  informa¬ 
tion  about  the  structure  of  the  inner  coma  if  the  spectral  resolution  is  good 
enough.  A  model  for  cometary  outgassing  is  presented,  which  makes  it  possible 
to  determine  a  steady  state  outgassing  pattern  by  making  a  fit  to  the  emission 
line  profile.  In  particular  observations  conducted  in  December  1996  of  comet 
P/Schwassmann  Wachmann  1  are  discussed.  This  comet  is  perpetually  active 
through  GO  outgassing,  which  has  been  observed  through  emission  in  the  sub- 
millimeter  domain.  The  outgassing  pattern  is  found  to  have  a  strong  contrast 
between  the  activity  on  the  day-  and  nightsides  of  the  nucleus.  The  results 
improve  the  confidence  in  the  estimated  CO  production  rate.  Application  of 
the  idea  to  other  comets  is  also  discussed. 


ALTIMETRIC  ASSIMILATION  INTO  PRIMITIVE  EQUATIONS 
MODELS  OF  THE  AZORES-MADEIRA  REGION:  COMPARI¬ 
SON  BETWEEN  OPA  AND  MICOM. 

M.  Gavart  (1),  P.  De  Mey  (2)  and  R.  Baraille  (1) 

(1)  SHOM/BRESM  18  ave.  Edouard  Belin  F- 3 1401  Toulouse  Cedex  4  France, 

(2)  GRGS/LEGOS  18  ave.  Edouard  Belin  F-31401  Toulouse  Cedex  4  France. 
gavartOthor.cst.cnes.fr/Fax:  [33]  5  61  33  29  16 

The  aim  of  that  work  is  to  make  comparisons  between  two  primitive  equations 
models  through  altimetric  assimilation  experiments.  The  two  models  have  dif¬ 
ferent  formulations:  OPA  (Madec  et  al.,  1997)  is  a  rigid  lid  model  with  a  con¬ 
tinuous  representation  of  the  variables  on  the  vertical  and  MICOM  (Bleck  et 
al.,  1992)  is  a  multi-layers,  free  surface  model.  The  assimilation  technique  is 
optimal  interpolation  (SOFA  scheme,  De  Mey,  1994  pers.  com.)  and  the  surface 
misfits  between  model  and  data  are  projected  along  an  isopycnal  EOF  repre¬ 
senting  the  ocean  variability  in  that  region  (Gavart  and  De  Mey,  1997)  or  as  in 
Cooper  and  Haines  (1996).  The  experiment  area  is  a  1000  by  1000  sq.  km  open 
domain  of  the  Azores- Madeira  region.  A  special  open-boundary  treatment  is 
applied:  the  area  is  surrounded  by  a  recirculation  zone,  separated  from  it  by  a 
sponge  layer.  6  months  of  combined  ERS-1  and  Topex-Poseidon  data  are  as¬ 
similated,  from  June  1993  to  the  end  of  November  1993.  That  period  overlaps 
the  in  situ  data  of  the  SEMAPHORE  experiment  (Eymard  et  al.,  1996),  and 
mainly  drifting  buoy  data  are  used  for  an  objective  validation.  We  discuss  the 
differences  between  the  two  models  and  their  sensitivity  to  different  parameters 
(length  of  the  assimilation  cycles,  horizontal  diffusion,  ...). 


CCD  POLARIMETRIC  IMAGING  OF  TWO  SHORT  PERIOD  COMETS: 
8 IP/  WILD  2  AND  22P/  KOPFF. 

E.  Hadamcik  (1),  A.C.  Levasseur-Regourd  (1),  J.B.  Renard  (2),  B.  Stepnik 

(1)  Universite  Paris  6  /  Service  d'Aeronomie  /  CNRS,  BP3,  91371, 
Verridres,  France. 

(2)  LPCE/CNRS,  Orleans,  France. 

Edith.Hadamcik@aerov.jussieu.fT  /  fax  :  (33)  1  69  20  29  99 

The  solar  light  scattered  by  dust  particles  in  comets  has  been  observed 
by  CCD  polarimetry  at  Pic  du  Midi  Observatory  (France)  in  June  1996 
and  February  1997  and  at  Haute-Provence  Observatory  (France)  in  April 
1 997.  This  technique  of  observation  allows  to  enhance  different  regions 
in  the  inner  coma  that  are  not  easily  visible  in  brightness  maps. 

We  present  images  of  comet  81  P/Wild  2  observed  at  10  and  36  deg. 
phase  angles  and  of  comet  22P/Kopff  observed  at  1 8  deg  phase  angle.  The 
polarization  maps  will  be  compared  with  those  of  previously  studied 
comets  with  the  same  method  at  similar  phase  angles:  to  study  the 
evolution  of  the  polarization  in  the  different  parts  of  the  coma  as  function 
of  phase  angle,  to  enlarge  our  knowledge  of  the  physical  properties  of  the 
dust  particles  by  comparing  different  comets. 
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EVALUATION  OF  MUPUS  DATA  AND  THE  INVERSE  HEAT 
CONDUCTION  PROBLEM 

A.  Hagermann  and  T.  Spohn 

Institut  fur  Pianetologie,  Wilhelm-Klemm-Str.  10,  48149  Munster,  Germany. 
hagermaCuni-muenster.de/Fax:  [+49]  251  83  39083 

Among  the  experiments  selected  for  the  Rosetta  Lander  of  the  ESA  mission  to 
comet  P/Wirtanen  is  the  MUPUS  package.  One  of  the  tasks  of  this  package  is 
a  heat  flow  measurement  at  the  surface  of  the  nucleus  of  P/Wirtanen.  This  is 
done  by  determining  thermal  parameters  of  the  subsurface  material  (e.g.  ther¬ 
mal  conductivity,  thermal  diffusivity)  and  measuring  the  temperature  profile 
below  the  surface  by  means  of  a  penetrator.  A  distortion  of  the  subsurface 
temperature  field  due  to  the  measurement  technique  itself  is  inevitable.  Both 
the  shade  of  the  lander  and  the  thermal  properties  of  the  penetrator  (which  are 
different  from  those  of  the  nucleus  material)  result  in  a  significant  perturbation 
of  the  subsurface  temperature  field.  The  first  of  these  problems  can  be  solved 
by  using  a  deployment  device  which  allows  to  position  the  penetrator  at  some 
distance  from  the  lander.  The  perturbation  of  the  temperature  field  can  be 
reduced  by  solving  the  inverse  heat  conduction  problem  (IHCP).  A  method 
applicable  for  this  transient  case  of  the  IHCP  is  presented.  Using  this  method 
one  can  predict  the  temperature  field  in  the  surroundings  of  the  penetrator 
and  thereby  obtain  an  undisturbed  temperature  profile  for  the  subsurface 
material. 
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Polarization  and  colour  images  of  comet  C/1996  Ql  (Tabur)  were  obtained 
at  Pik  Terskol  (Northern  Caucasus)  with  the  2m-Zeiss-Telescope  of  the  Inter¬ 
national  Centre  for  Astronomical,  Medical  and  Ecological  Studies,  Kiev,  on 
October  9  and  10,  1996.  The  phase  angle  was  83°.  The  two-channel  focal  re¬ 
ducer  of  the  MPAe  was  employed  in  its  polarimetry  mode  with  four-beam 
Wollaston  assembly.  The  device  allows  simultaneous  aquisition  of  images  of 
the  q  and  u  Stokes  parameters  in  two  colours  through  narrow-band  filters  in 
a  1  arcmin  square  window.  Filters  centered  at  the  cometary  continuum  bands 
at  443  and  642  nm  were  used.  In  the  gassy  comet  Tabur  no  dust  jets  or  en¬ 
velopes  are  noticed.  The  polarization  value  is  consistent  with  the  curve  of  dusty 
comets  provided  by  Levasseur-Regourd  et  al.  (A&A  313,  327,  1996)  and  there¬ 
fore  contradicts  the  idea  of  a  lower  polarization  of  gassy  comets,  put  forward 
by  these  authors.  The  results  will  be  compared  with  similar  observations  of 
comets  C/1995  Y1  (Hyakutake)  and  C/1995  01  (Hate-Bopp). 
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We  investigate  the  dynamics  of  small  dust  particles  ejected  from  the  sunlit 
side  of  the  nucleus  of  a  comet  far  from  the  Sun.  The  motion  of  these  particles 
is  determined  by  gravity,  electromagnetic  forces,  and  solar  radiation  pressure." 
The  nucleus  is  not  shielded  from  either  the  solar  wind  or  the  solar  UV  radi¬ 
ation;  therefore  the  surface  of  the  nucleus  absorbs  electrons  and  protons  and 
emits  photoelectrons.  As  a  result,  the  surface  gets  positively  charged.  Above 
the  nuclear  surface  a  photoelectron  plasma  sheath  forms  in  which  the  ejected 
dust  grains  collect  electrostatic  charges  and  become  responsive  to  the  electric 
field  in  the  sheath.  We  show  that  most  of  the  dust  cloud  created  by  an  impact 
(e.g.,  a  lander)  will  settle  after  a  few  (~  4)  hours  elsewhere  and  not  in  the  close 
vicinity  of  the  impact  site  (i.e.,  on  the  lander  itself). 


MUPUS-TM  :  IR-MEASUREMENT  OF  COMET  P/WIRTANEN’S 
SURFACE  TEMPERATURE 

J.  Knollenberg  (I),  E.  Kiihrt  (1)  and  T.  Spohn  (2) 

(1)  DLR-Institute  of  Planetary  Exploration,  D-12484  Berlin,  Germany,  (2)  In¬ 
stitute  of  Planetology  of  the  University  of  Munster,  D-48419  Munster,  Ger¬ 
many. 

The  infrared  sensor  TM  as  part  of  the  MUPUS  (Multi  Purpose  Sensor  for 
Subsurface  Science)  experiment  package  onboard  the  Rosetta  Lander  is  dedi¬ 
cated  to  the  measurement  of  the  cometary  surface  temperature  at  the  landing 
site,  in  dependence  of  local  time  and  heliocentric  distance.  Scientific  goals  are 
the  determination  of  thermophysical  parameters  and  the  derivation  of  clues  on 
the  surface  roughness  on  sub-mm  to  mm  scales,  below  the  resolution  of  the 
camera.  Furthermore,  TM  data  will  provide  ground  truth  for  remote  sensing 
instruments  on  the  orbiter,  especially  the  NIR-spectrometer  VIRTIS  and  the 
microwave  radiometer  MIRO.  To  achieve  these  goals  the  emitted  radiation  in 
the  wavelength  range  5-25  micron  is  measured  in  4  infrared  channels  by  ther¬ 
mopile  detectors.  An  accurate  measurement  of  the  expected  low  temperatures 
requires  low  noise  and  drift  electronics  as  well  as  an  accurate  (in-flight)  cali¬ 
bration  of  the  detectors.  Furthermore,  the  unknown  conditions  at  the  cometary 
surface  require  special  inversion  algorithms  working  with  a  minimum  of  a  priori 
assumptions. 


X-RAYS  IN  COMETS:  THEORY  AND  OBSERVATIONS 
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X-ray  emission  observed  in  eight  comets  with  the  ROSAT,  EUVE,  and 
BeppoSAX  orbiting  observatories  is  a  general  cometary  phenomenon.  It  is 
stronger  than  the  expected  emission  by  three  orders  of  magnitude.  Four 
processes  have  been  suggested  as  basic  excitation  mechanisms:  (1)  charge 
transfer  of  solar  wind  heavy  ions,  (2)  scattering  of  the  solar  X-rays  by  very 
small  (attogram)  dust  particles,  (3)  line  radiation  from  the  cometary  plasma 
(Bingham  et  al.  1997,  Science  275,  49),  and  (4)  electron  bremsstrahlung 
(Northrop  et  al.  1997,  Icarus  127,  246).  We  show  that  the  formula  for 
impurity  radiation  in  the  fusion  plasma  used  by  Bingham  et  al.  is  not 
applicable  to  the  cometary  plasma.  Recombinations  are  ineffective  in  X- 
ray.  Electron  impacts  produce  UV  photons  and  only  two  X-ray  emissions, 
O  525  eV  and  C  277  eV,  at  a  level  of  <2%  of  the  observed  emission. 
Corrections  for  two  errors  found  in  Northrop  et  al.  reduce  bremsstrahlung 
to  <0.5%  of  the  observed  emission.  Therefore,  only  processes  (1)  and  (2) 
may  be  currently  considered.  Correlations  of  X-ray  emissions  observed 
with  EUVE  in  four  comets  with  gas  and  dust  production  rates  as  well  as 
the  brightness  maxima  and  their  offsets  from  the  nuclei,  favor  charge 
transfer  as  the  dominant  process.  However,  scattering  by  attogram  dust 
may  be  significant  in  very  dusty  comets  like  Hale-Bopp. 
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We  present  the  problem  of  too  much  dust  (in  terms  of  mass)  detected  in  situ 
by  the  Ulysses  and  Galileo  spaceprobes.  The  mass  in  interstellar  dust  grains 
measured  in  situ  is  double  the  mass  predicted  from  depletion  arguments  (de¬ 
termined  using  solar  reference  abundances).  We  show  by  numerical  simulation 
that  the  interaction  of  the  grains  with  the  heliospheric  fields  can  explain  the 
enhancement  in  number-flux,  but  is  not  able  to  explain  the  too  high  mass-flux. 
We  conclude  that  interstellar  dust  has  to  be  either  locally  enhanced  on  scales 
smaller  than  the  local  interstellar  cloud  (LIC)  or  that  the  grains  at  the  upper 
end  of  the  mass-distribution  are  not  in  equilibrium  with  the  LIC  but  with  larger 
structures  in  the  local  interstellar  medium. 
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THE  AGORA  PROJECT:  16  YEARS  OF  GLOBAL  OCEAN  ANAL¬ 
YSES  FOR  STUDIES  OF  CLIMATE  VARIABILITY. 
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The  Derber  and  Rosati  (1989)  Optimal  Interpolation  (01)  scheme  has  been 
used  to  assimilate  the  latest  World  Ocean  Atlas  data  set  of  Levitus  (1994)  for 
temperature  vertical  profiles  and  the  weekly  sea  surface  temperature  reanalysis 
from  the  Climate  Prediction  Center  (Reynolds  and  Smith,  1994).  The  assimila¬ 
tion  scheme  is  a  univariate,  variational  optimum  interpolation  of  temperature 
only  in  which  the  first  guess  is  produced  by  a  global  ocean  general  circulation 
model.  The  model  is  a  modified  version  of  the  Modular  Ocean  Model  (Cox, 
1984;  Rosati  and  Miyakoda,  1988)  implementation  to  the  global  ocean.  Twice 
daily  ECMWF  atmospheric  analyses  are  used  to  force  the  model.  The  study 
period  is  16  years  starting  from  January  1981  ending  december  1996. 

A  comparison  of  analyzed  sea  surface  height  with  sea  surface  height  from 
Topex/ Poseidon  data  computed  by  the  AGORA  project  partners  will  be  carried 
out. 


THE  ROLIS  IMAGING  EXPERIMENT  ON  THE  ROSETTA 
LANDER 
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The  ROLIS  experiment  is  part  of  the  payload  on  the  Rosetta  International 
Lander.  The  instrument  consists  of  a  highly  integrated  and  lightweight  CCD 
imager  with  a  dual  capability.  Firstly  during  the  descent  phase  of  the  lander, 
just  before  touch-down,  the  imager  will  acquire  a  sequence  of  panchromatic 
pictures  of  the  landing  site.  These  images,  which  will  have  a  spatial  resolu¬ 
tion  of  the  order  of  a  few  millimeters,  will  give  context  to  the  measurements 
performed  in-situ  by  the  lander  payload.  Secondly,  after  landing,  the  camera 
will  be  focused  to  a  close-up  distance  of  30  cm,  from  which  it  will  be  possible 
to  image  regions  below  the  lander  with  a  spatial  resolution  of  a  few  tenths  of 
a  millimeter.  Furthermore,  an  autonomous,  trichroic  illumination  system  will 
enable  color  images  to  be  acquired.  Coupled  with  the  rotation  capabilities  pro¬ 
vided  by  the  main  compartment  of  the  Lander,  ROLIS  will  be  able  to  acquire 
color  images  of  the  areas  from  which  samples  will  be  collected  and  analyzed  by 
the  other  Lander  instruments. 
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Three  Kulper  Belt  objects  (KBO)  of  23-24  V- 
magnitudes  were  observed  with  BTA-6m 
Telescope  of  the  Special  Astrophyslcal 
Observatory,  Russia,  CCD-photometry  In 
BVRl  bands  was  performed  and  the  spectral 
curves  of  the  KBOs  normalized  reflectivity  were 
obtained.  By  occasion,  an  unknown  Main  Belt 
asteroid  passed  within  20”  next  to  one  of  the 
KBOs  In  the  same  frame,  whkh  made  it  possible 
to  compare  the  colors  of  the  two  bodies  directly. 
The  normalized  reflectivity  curves  contain 
information  about  chemical  composition  of 
KBO  surfaces  that  can  be  revealed  by 
comparison  with  some  laboratory  spectra. 
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We  examine  and  intercompare  the  plasma  regions  and  boundaries 
between  bow  shock  and  cometopause  at  three  comets:  Giaoobini- 
Zinner,  Halley  and  Grigg-Skjellcrup.  The  question  is  discussed:  are 
boundaries  the  stable  structure  or  they  appeared  by  time  non¬ 
stationary  phenomena?  The  main  properties  of  these  boundaries  are: 
change  of  ion  content,  gradient  of  high  energy  electron  density*, 
rotational  discontinuity  of  magnetic  field  B,  depression  of  B  module, 
appearance  and  jump  of  ULF  wave  intensity.  Doubtless,  the 
boundaries  positions  are  related  with  mass  flow,  sublimated  from 
comet  surfaces.  However  for  comet  IUllcy  time  variations  of 
rotational  discontinuity  coincide  with  time  variations  of  Solar  wind 
(SW).  It  is  argument  in  favor,  that  boundaries  properties  are  resulted 
of  interaction  with  SW  and  related  with  its  properties. 


INVERSION  OF  SHAPE  STATISTICS  FOR  SMALL  SOLAR 
SYSTEM  BODIES 
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The  irregular  shapes  of  small  solar  system  bodies  are  modeled  by  lognormal 
statistics,  i.e.,  assuming  that  the  shapes  are  realizations  of  the  so-called  Gaus¬ 
sian  random  sphere.  The  Gaussian  sphere  is  fully  described  by  the  mean  radius 
and  the  covariance  function  of  the  logarithmic  radius.  The  stochastic  shape  is 
thus  given  by  the  covariance  function,  or  the  discrete  spectrum  of  its  Legendre 
coefficients.  A  maximum  likelihood  estimator  is  here  provided  for  inverting  the 
covariance  function  from  three-dimensional  sample  shapes.  The  inverse  method 
is  applied  to  shape  data  on  altogether  14  small  solar  system  bodies.  Inversion 
yields  a  =  0.245  for  the  relative  standard  deviation  of  radius,  shows  that  most 
of  the  spectral  power  lies  in  the  second-degree  spherical  harmonics,  and  gives 
T  =  32.7°  for  the  correlation  angle.  Even  though  the  first  results  are  promis¬ 
ing,  precaution  is  recommended  because  the  number  of  sample  shapes  is  still 
small.  As  an  example  application,  thermal  light  curves  are  simulated  for  1000 
Gaussian  sample  spheres  in  order  to  study  the  uncertainties  in  diameters  and 
masses  derived  for  asteroids.  As  compared  to  the  Standard  Thermal  Model 
that  assumes  spherical  asteroids,  the  irregular  shape  is  shown  to  cause  a  10  % 
scatter  in  diameter  estimation,  and  a  17  %  systematic  effect  and  a  large  33  % 
scatter  in  mass  estimation. 


MODELLING  THE  NUMBER  DENSITY  PROFILES  OF  SECONDARY  DUST 
COMPONENT  OBSERVED  ONBOARD  THE  VEGA  SPACECRAFT 
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The  two  Vega  spacecraft  have  observed  a  dust  boundary,  which  was  common  to  all 
grain  masses  over  the  range  ~l.e-17-l.e-7g,  both  inbound  and  outbound.  Slow 
disintegration  of  dust  aggregates  seems  to  be  the  only  way  for  this  boundary  to  be 
formed.  A  model  of  the  boundary  formation  (Oberc,  Icarus  124,  195-208,  1996)  has 
allowed  to  draw  from  observations  the  latent  heat  (~16  kcal/mol)  of  the  gluing 
compound  and  the  size  range  (0.01-1  cm)  of  aggregates  responsible.  The  purpose  of 
the  present  work  is  to  model  number  density  profiles  of  secondary  particles  along  the 
Vega  trajectories.  It  is  shown  that  particles  observed  near  the  closest  approach,  for  that 
d  «  vA2/2gb  (d  -  distance  to  closest  approach,  v  -  velocity  of  the  parent  aggregate,  g 
-  solar  gravity  acceleration,  b  -  ratio  of  solar  radiation  pressure  over  gravity  force  for 
the  secondary  particle),  originated  mostly  in  a  narrow  zone  sunward  of  the  Vega 
trajectory.  Hence,  their  number  density  was  very  sensitive  to  variations  in  the  emission 
rate  of  aggregates  from  the  nucleus.  This  1)  explains  the  peculiar  effects  in  the  profiles 
of~l.e-7g  particles,  found  in  count  rates  from  the  DUCMA  V  (veto)  detector,  which 
implies  that  2)  such  particles  were  predominantly  of  secondary  origin,  and  3)  primary 
particles  in  this  mass  magnitude  were  mostly  aggregates  which  (almost)  totally 
disintegrated  before  reaching  the  Vega  trajectory. 
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THE  GIADA  EXPERIMENT  ONBOARD  ROSETTA  MISSION  TO  COMET 
46PAVERTANEN:  PERFORMANCES  AND  CAPABILITIES 
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University  di  Padova,  (5)  University  of  Kent  at  Canterbury,  (6)  Laboratoire 
d’Astronomie  Spatiale,  CNRS,  Marseille,  (7)  IAS,  Reparto  di  Planetologia,  CNR, 
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The  GIADA  (Grain  Impact  Analyser  and  Dust  Accumulator)  Team  is  responsible 
for  a  scientific  payload  for  the  Rosetta  mission  able  to  measure  dust  flux  dynamic 
parameters  in  cometary  coma.  A  first  set  of  sensors  (MBS  -  Micro-Balances 
System)  is  based  on  5  quartz  crystal  micro-balances,  with  the  sensitivity  to  measure 
very  small  mass,  both  cumulated  and  from  a  single  particle,  deposited  on  the 
sensing  surface.  It  wilt  be  used  to  derive  the  flux  from  different  direction  inside  the 
coma.  Another  subsystem  (GDS  -  Grain  Detection  System)  is  used  to  detect  the 
transit  of  single  particles,  and  together  with  the  third  sensor  (IS  -  Impact  Sensor), 
which  measure  the  momentum,  is  able  to  determine  velocity  and  mass  of  the 
impinging  cometary  particles.  The  status  of  the  experiment,  its  foreseen  and 
measured  performances  and  the  scientific  capabilities  will  be  discussed. 


BISTATIC  RADAR  OBSERVATIONS  OF  COMETARY 
NUCLEI 

M.  Patzold  (1),  E.A.  Marouf  (2) 
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One  of  the  scientific  objectives  of  the  Rosetta  Radio  Science  Investigati¬ 
ons  experiment  is  the  bistatic  radar  observation  of  the  nucleus  of  comet 
P/Wirtanen.  The  bistatic  radar  configuration  distinguishes  itself  from 
monostatic  radar  by  the  spatial  separation  of  transmitter  (in  this  case 
Rosetta)  and  the  receiver  (antenna  on  Earth)  and  thus  views  the  target 
from  other  than  the  backscatter  direction.  By  observing  the  amplitude, 
frequency  and  polarization  of  a  radio  signal  transmitted  from  the  space¬ 
craft  and  reflected  from  the  nucleus  surface,  the  rotation  and  precession 
rate  of  the  nucleus  can  be  determined  and  estimates  of  the  dielectric 
properties  and  the  roughness  of  the  surface  can  be  derived. 


EVOLUTION  OF  THE  TOPOGRAPHY  OF  REVOLVING 
COMETS  ANALYSED  BY  NUMERICAL  MODELLING 

H.Rosenbauer  and  M.Hilchenbach 
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Comets  are  interplanetary  bodies  and  their  nucleus  is  composed  of  a  mixture 
of  non-volatile  grains  and  frozen  gases.  They  usually  rotate  and  follow  highly 
elongated  paths  around  the  Sun.  Comets  of  the  Jupiter  family  have  their  aphe¬ 
lion  near  the  Jupiter  orbit  and  their  perihelion  near  to  the  Earth  orbit  at  1 
AU.  These  comets  dwindle  in  the  order  of  1  meter  per  orbit,  as  deduced  from 
the  observed  outgasing  rates  and  nucleus  extensions.  We  simulate  the  time  - 
dependent  evolution  of  comet  model  topologies  and  surface  roughnesses.  The 
plain  model  assumes  the  surface  loss  to  be  proportional  to  the  incident  solar 
radiation  and  takes  the  rotation  of  the  nucleus  into  account.  We  will  discuss 
the  effects  and  modifications  of  various  initial  surface  roughnesses,  scale  heights 
and  cometary  shapes. 


UPPER  LIMITS  FOR  THE  HYDROCARBONS  IN  THE  INNER 
COMA  OF  COMET  P/HALLEY 

Ania  SchQnemann  (1),  K.  Altwegg  (1),  H.  Balsiger  (1),  J.  Geiss  (2) 

(1)  University  of  Bern,  Physikalisches  Institut,  (2)  ISSY,  Bern 
schoenem  @phim.unibe.ch,  Fax:  +41-31-6314405 

During  the  encounter  of  the  Giotto  spacecraft  with  comet  P/Halley  the  HIS 
sensor  of  the  IMS  measured  continuous  ion  density  profiles  in  the  mass 
range  12-56  amu/e,  starting  from  about  130000km  distance  to  the  nucleus 
up  to  1300km.  In  order  to  derive  the  abundances  of  parent  molecules  from 
measured  ion  densities  inside  the  inner  coma  a  chemical  model  has  to  be 
used  which  includes  the  most  important  ion  production  and  loss 
mechanisms  and  ion-molecule  reactions.  The  reactions  of  the  hydrocarbons 
C2H2,  C2H»  and  C2H6  and  of  the  carbon  molecule  C2  were  added  to  the 
existing  chemical  model.  With  this  it  is  now  possible  to  distinguish  between 
the  different  contributions  of  each  hydrocarbon  to  the  ion  densities  in  the 
mass  range  24-30  amu/e.  Of  special  interest  is  the  ion  density  at  mass  24, 
which  attributes  entirely  to  C2+  since  interferences  with  other  ions  of  the 
same  mass  are  negligibly  low.  Thus,  the  comparison  of  the  measured  ion 
densities  at  masses  24-30  amu/e  with  the  simulated  ion  densities  leads  to  an 
upper  limit  for  the  hydrocarbons  C2H2,  C2R,  and  C2H$  contained  in  the 
volatile  material  of  the  comet. 


THE  INTERNATIONAL  ROSETTA  MISSION 
Gerhard  H.  Schwehm 

ESA  Space  Science  Department,  ESTEC,  Noordwijk,  The  Netherlands 
gschwehm@estec.esa.nl 

Rosetta  is  the  third  cornerstone  in  ESA’s  long  term  programme.  Launched 
in  2003  it  will  rendez-vous  with  comet  46P/Wirtanen  in  201 1  and  will 
accompany  the  comet  from  near-aphelion  through  perihelion.  On  the  way  to 
the  comet  two  close  flybys  at  asteroids  are  in  the  mission  baseline.  After  the 
initial  nucleus  mapping  phase  a  lander  will  be  deployed  onto  the  nucleus  to 
provide  in-situ  science. 

The  mission  will  concentrate  on  the  study  of  the  composition  of  the  comet 
and  the  evolution  of  the  cometary  phenomena.  The  payload  includes  a  suite 
of  remote  sensing  instruments  (UV,  VIS,  IR  and  sub-mm),  mass 
spectrometers  to  study  the  composition  of  the  volatile  and  non-volatile 
constituents  and  instruments  to  monitor  the  cometary  environment. 

Mission  design,  payload  description  and  expected  science  return  will  be 
described. 


NUMERICAL  SIMULATION  OF  THE  ORBITAL  EVOLUTION 
OF  SOME  NEAR-EARTH  ASTEROIDS 

A.  A.  Trubitsina  and  E.  I.  Timoshkova 

Institute  of  Theoretical  Astronomy,  Nab.Kutuzova  10,  St. Petersburg,  191187 
Russia. 

annatOita.spb.su/Fax:  [7  812]  272  7968 

Some  near-Earth  asteroids  are  considered  to  be  the  extinct  or  dormant  nuclei 
of  periodic  comets.  Among  them  are  asteroid  4015  Wilson-Harrington  and  2210 
Oljato.  We  can  expect  that  such  objects  may  come  from  both  the  main  asteroid 
belt  and  the  reservoir  of  short-period  comets  into  its  current  planet  crossing 
orbit. 

The  forward-backward  orbital  evolution  of  such  comet-asteroid  transition  ob¬ 
jects  was  investigated  by  integration  for  a  long-time  interval  (6000  years)  of 
a  dynamical  model,  consisting  of  all  planets  and  massless  asteroids.  For  de¬ 
termination  the  positions  of  planets  the  ephemeris  DE404  was  used.  For  the 
numerical  simulation  of  asteroid  motion  the  new  effective  method  DINCH  of 
numerical  integration  was  applied.  Parallel  with  orbital  elements  a  constant 
Jacobi  C  was  selected  as  a  parameter  under  investigation.  In  the  restricted 
three  body  problem  the  constant  C  —  C(L)  often  uses  as  a  criterion  of  deter¬ 
mination  of  unstable  orbits.  The  detailed  analyses  of  the  evolution  of  selected 
orbital  parameters  included  also  the  comparison  of  calculated  C(t)  and  known 
values  of  Jacobi  constants  C(Li j)  at  4  libration  points  for  the  main  disturbing 
planets. 

All  results  of  the  investigation  are  presented  in  the  form  of  diagrams  and  graphs. 
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Rosetta  Lander  -  In  Situ  Investigation  of  a  Cometary 
Nucleus 


S.  Ulamec,  K.  Wittmann,  B.  Feuerbacher  (DLR,  D-51140 
H.  Rosenbauer  (Max  Plack  Inst.  f.  Aeronomy,  D-37191, 
R.  Mugnuolo,  (ASI,  1-75100  Matera,  Italy) 

D.  Moura,  (CNES,  F-31055  Toulouse,  France) 

J.P.  Bibring  (IAS,  F-91405  Orsay,  France) 


Koln,  FRG) 
Lindau,  FRG) 


The  ESA  cornerstone  mission  Rosetta  to  comet  P/Wirtanen,  includes  a 
Lander  with  an  overall  mass  of  about  85  kg,. 

After  ejection  from  the  Rosetta-Orbiter,  this  Rosetta  Lander  will  descend 
to  the  surface  of  the  target  comet  supported  by  a  cold  gas  system.  It 
should  operate  for  a  large  fraction  of  the  cometary  orbit  around  the  sun, 
between  3  and  1  AU.  Solar  cells,  covering  the  surface  of  the  lander  will 
provide  the  power  to  operate  the  system  and  a  scientific  payload  of 
about  20  kg,  measuring  the  chemical,  physical  and  mineralogical 
properties  of  the  cometary  surface  material,  the  internal  structure  of  the 
nucleus  and  take  images  of  the  landing  site.  The  lander  is  an 
autonomous  station,  using  the  Rosetta  orbiter  as  a  relais  to  Earth.  Due  to 
its  longevity  it  is  possible  to  study  time  dependent  cometary  phenomena 
and  to  investigate  modifications  of  the  surface  due  to  increasing 
insolation. 
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TO  THE  FORMATION  MECHANISM  OF  THE  DECAMETER 
JOVIAN  RADIOEMISSION  S-BURSTS  WITH  COMPOUND  TYPES 
OF  FREQUENCY  DRIFT 

A.G.Boev  (1),  T.E.Shcherbinina  (1) 

(1)  Institute  of  Radio  Astronomy  of  Ukrainian  National  Academy 

of  Science,  Kharkov,  Ukraine 

volkov@ipp. kharkov.ua/Fax:  38-0572-352664 

The  mechanism  of  the  formation  of  short-periodic  (S)  decameter  Jo¬ 
vian  radioemission  bursts  with  compound  types  of  frequency  drift 
is  proposed.  The  explanation  is  based  on  Cherencov(s  emission 
mechanism  of  plasma  waves  with  an  anomalous  dispersion  and  on 
influence  of  low-frequency  hydrodynamic  waves  {which  perturbate 
the  surface  of  the  flux  tube  Io-Jupiter)  on  the  such  parameters  of 
the  tube  as  electron  density  and  magnetic  field.  On  the  basis  of 
the  proposed  mechanism  analysis  of  experimental  data  is  made. 
The  values,  which  provide  the  experimentally  observed  properties 
of  S-bursts  with  compound  frequency  drift  and  without  anyone  are 
obtained.  It  is  shown  that  bursts  without  frequency  drift  can  arise 
if  the  certain  condition  between  local  variations  of  electron  con¬ 
centration  and  magnetic  field  take  place.  The  estimations  show 
that  found  scales  of  inhomogeneity  correlate  with  the  scales  of  low- 
frequency  hydrodynamic  waves  providing  the  observed  periodicities 
of  dynamic  spectra  of  Jovian  S-radioemission. 


THE  JOVIAN  HOM  RADIO  EMISSION  OBSERVED  BY 
WIND/WAVES  AND  BY  ULYSSES/URAP 
C.  H.  Barrow  (1)  and  M.  L.  Kaiser  (2) 

(1)  Max  Planck  Institute  for  Aeronomy,  D-37189  Katlenburg-Lindau,  Germany, 

(2)  NASA/Goddard  Space  Flight  Center,  Greenbelt,  MD  20771. 

During  1995  to  1997,  the  jovian  hectometric  radio  emission  (HOM)  was  received 
occasionally  at  kHz  frequencies  by  the  Radio  and  Plasma  Wave  Investigation 
(WAVES)  receivers  on  board  the  W'IND  spacecraft.  Dynamic  spectra  of  these 
observations  have  been  compared  with  simultaneous  spectra  made  by  the  Uni¬ 
fied  Radio  and  Plasma  Experiment  (URAP)  receivers  on  board  Ulysses.  Several 
events  can  be  identified  by  shape  and  structure  in  the  dynamic  spectra  from 
both  spacecraft  although  the  durations  and  the  frequency  ranges  are  not  al¬ 
ways  the  same  in  each  spectrum.  This  may  be  a  manifestation  of  the  beaming 
characteristics  of  the  HOM.  The  results  are  presented  and  discussed. 


Jovian  Millisecond  radio  bursts: 

Phenomenology  and  Morphology 

M.Y.  Boudjada  (1),  P.H.M.  Galopeau  (2),  H.O.  Rucker  (1),  and 
A.  Lecacheux  (3). 

(1)  Space  Research  Institute,  A-8010  Graz,  Austria,  (2)  Centre 
des  Etudes  des  Environnements  Terrestre  et  Planetaire,  F-78140 
Velizy,  France,  (3)  Observatoire  de  Meudon  -  ARPEGES,  F-92190 
Meudon,  France. 

The  Jovian  decametric  emission  (DAM)  is  known  to  exhibit  fine 
structures,  the  so-called  "S-bursts”.  The  probability  occurrence  of 
S-bursts  represents  a  significant  fraction  (~  10%)  of  the  DAM  ra¬ 
diation.  During  more  than  20  years  three  ground-based  radiote¬ 
lescopes  (Tasmania  ,  Australia;  Oulu  ,  Finland;  Florida,  U.S.A.) 
using  receivers  with  high  time  and  frequency  resolutions  collected 
the  main  details  of  the  Jovian  millisecond  radio  bursts.  We  anal¬ 
yse  the  phenomenology  and  the  morphology  of  the  previous  obser¬ 
vations  as  reported  in  catalogues  (Ellis,  1979;  Flagg  et  al.,  1991; 
Riihimaa,  1991).  It  clearly  appears  that  the  S-burst  characteristics 
(drift-rates,  bandwidth,  periodicity...)  could  be  affected  by  the  an¬ 
tenna  (sensitivity,  frequency  bandwidth)  and  receiver  parameters 
(resolutions  in  time  and  frequency). 
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RADIO  SOURCES  ASSOCIATED  WITH  INTERPLANETARY 
CMES 

Jean- Louis  Bougeret 

CNRS-URA  264,  Departement  de  Recherche  Spatiale,  Observatoire  de  Paris, 
92195  Meudon,  France. 
bougeretCobspm . f r 

We  review  the  main  questions  raised  by  the  observation  of  radio  emissions 
associated  with  Coronal  Mass  Ejections  (CMEs)  and  we  discuss  the  first 
WIND/WAVES  observations  of  interplanetary  type  II  radio  bursts  and  of  other 
interplanetary  or  coronal  events.  We  compare  these  results  to  previous  ISEE-3 
observations  and  we  discuss  the  role  of  radio  observations  in  tracing  the  evo¬ 
lution  of  interplanetary  CMEs.  We  find  that,  if  some  cases  are  quite  clear  and 
suggest  that  the  radio  radiation  is  produced  in  the  CME  driven  shock,  other 
cases  are  much  more  complex  and  will  certainly  require  more  work  -and  other 
observations-  to  be  fully  understood.  We  discuss  the  role  of  these  observations 
to  predict  earth  impact  of  the  interplanetary  CME. 


WIND/WAVES,  NANCAY  DECAMETRIC  ARRAY  AND  NAN- 
CAY  RADIO  HELIOGRAPH  OBSERVATIONS  OF  AN  INTER¬ 
PLANETARY  RADIO  STORM  * 

Jean-Louis  Bougeret,  Sang  Hoang,  Philippe  Zarka,  Yolande  Leblanc,  George 
Dulk  (1)  and  Alain  Kerdraon  (2) 

(1)  CNRS-URA  264,  Departement  de  Recherche  Spatiale,  Observatoire  de 
Paris,  92195  Meudon,  France,  (2)  CNRS-Laboratoire  de  Physique  Solaire  et 
Heliospherique,  Observatoire  de  Paris,  92195  Meudon,  France. 
bougeretCobspm . f r 

We  present  the  first  observation  of  an  interplanetary  radio  storm  consisting  of 
thousands  of  type  III  radio  bursts  which  were  tracked  by  the  WAVES  experi¬ 
ment  on  the  WIND  spacecraft  in  September  1997.  These  events  could  be  traced 
back  to  the  solar  corona  where  they  were  detected  by  the  Nancay  Decametric 
array  and  they  are  closely  associated  with  a  type  I  storm  which  was  observed 
by  the  Nancay  Radio  Heliograph.  We  discuss  the  development  of  the  active  re¬ 
gion  and  its  extension  in  interplanetary  space.  We  will  briefly  review  previous 
similar  observations  by  the  ISEE-3  spacecraft  and  discuss  the  new  approach  of 
the  ISTP  era. 


ON  A  MODEL  FOR  MILLISECOND  SOLAR  RADIO  SPIKES 

Chernov  G.P.(IZMIRAN,  RUSSIA),  Fu  Q.J.  and  Lao  B.D.(BAO,  CHINA) 
IZMIRAN,  Troitsk,  Moscow  Region,  142092,  Russia 
gchernov@izmiran.troitsk.ru 

BAO,  Beijing,  Chinese  Academy  of  Sciences,  100080,  China 
fuqj@cenpok.net 

A  new  model  for  solar  spike  bursts  is  considered  based  on  the  interaction  of 
Lengmuir  waves  with  ion-sound  waves:  /  +  s  —¥  t.  Such  mechanism  can  operate 
in  shock  fronts,  propagating  from  a  magnetic  reconnection  region.  New  obser¬ 
vations  of  microwave  millisecond  spikes  are  discussed.  They  have  been  observed 
in  the  event  1997.11.04  between  0552-0610  UT  using  multichannel  spectrograph 
in  the  range  2, 6-3.8  GHz  of  Beijing  AO.  Yohkoh  SXR  images  testify  a  recon¬ 
struction  of  bright  loops  after  the  escape  of  CME  of  type  halo  visible  at  0610 
UT  at  LASCO  2  coronograph  onboard  of  SOHO.  Strong  left  polarization  of 
spike  emission  from  a  source  above  the  leader  spot  of  south  magnetic  polarity 
in  AR  8100  corresponds  in  this  event  to  the  extraordinary  magnetoionic  mode. 
The  model  gives  the  ordinary  mode  of  spike  emission,  therefore  we  propose  the 
depolarization  of  the  emission  in  the  transverse  magnetic  field  and  rather  in 
the  vanishing  magnetic  field  in  the  middle  of  QT  region.  The  scattering  of  O- 
mode  into  X-mode  by  whistlers  just  above  the  escape  level  of  X-mode  can  also 
provide  an  additional  depolarization.  Duration  and  frequency  band  of  isolated 
spikes  are  connected  with  parameters  of  fast  particle  beams  and  shock  front. 


DETERMINATION  OF  SOME  PARAMETERS  OF  FLAR¬ 
ING  LOOPS  FROM  RADIO  DATA  IN  13.5-17.1  GHZ 
FREQUENCY  RANGE 

V.  M.  Fridman,  0.  A.  Sheiner,  and  A.  M.  Zhernokletov 
Radiophysical  Research  Institute,  Nizhny  Novgorod,  Russia 
frid@nirfi.sci-nnov.ru  Fax:  +8312  369902 

The  data  of  8  middle  solar  bursts  obtained  using  spectrograph  with 
frequency  resolution  Sf  ~  100  MHz  and  sweeping  time  r  ~  0.67  sec. 
during  high  solar  activity  have  been  analysed. 

There  were  determined  the  following  parameters  of  flaring  loops: 
the  scale  of  beam  driven  plasma  turbulence  ~  6  angular  seconds, 
the  length  of  electron  concentration  inhomogenity  along  flaring  loop 
~  6000  km.  It  was  used  the  idea  of  plasma  turbulence  radioemission 
mechanism  from  thermal  fronts  of  energy  release  regions  in  flaring 
loop  and  our  diagnostic  procedure. 

This  results  are  in  accordance  with  similar  recieved  earlier  in  8-12 
GHz  range. 


JOVIAN  S-BURST  DRIFT  MODEL  IMPLYING  A  PARALLEL 
ELECTRIC  FIELD 

P.  H.  M.  Galopeau  (1),  M.  Y.  Boudjada  (2)  and  H.  O.  Rucker  (2) 

(1)  Centre  d’Etude  des  Environnements  Terrestre  et  Planetaires,  10-12  Avenue 
de  l’Europe,  F-78140  Velizy,  France,  (2)  Space  Research  Institute,  Austrian 
Academy  of  Sciences,  A-8010  Graz,  Austria. 
Patrick.GalopeauCcetp.ipsl.fr/Fax:  [33]  1  39  25  49  22 

We  study  the  effect  of  a  parallel  electric  field  on  the  adiabatic  motion  of  elec¬ 
trons  trapped  in  the  Io  flux  tube.  In  the  frame  of  a  dipole  magnetic  field  model 
and  supposing  that  the  mechanism  responsible  for  the  radio  emission  is  the 
cyclotron  maser  instability  taking  its  free  energy  is  a  loss  cone,  we  derive  the 
frequency  drift  rate  of  the  S-bur$ts  emitted  at  the  gyrofrequency.  The  influ¬ 
ence  of  the  parallel  electric  field  on  the  conditions  for  emission  is  discussed.  We 
propose  an  individual  fit  of  the  instantaneous  frequency  drift  rate  of  certain 
types  of  S-bursts,  in  particular  the  type  a  of  Riihimaa’s  classification,  which 
only  depends  on  the  energy  and  the  pitch  angle  at  the  equator  and  on  the 
value  of  the  parallel  electric  field.  This  fit  should  allow  to  accede  to  the  param¬ 
eters  of  the  radiating  electrons  (i.e.  velocity  and  pitch  angle)  directly  from  the 
instantaneous  drift  rates  observed  on  dynamic  spectra. 


STUDY  OF  THE  TWO  REMOTE  ACTIVE  REGIONS  CONNEC¬ 
TION  ON  MAY  1993 


I.N.  Garczynska  (1),  B.  Rompolt  (1),  B.  Cader-Sroka  (1),  M.  Tomczak  fl),  A 
Raoul t  (2) 

(1)  Astronomical  Institute  of  Wroclaw  University,  ul.  Kopernika  II,  PL  51-622 
Wroclaw,  Poland,  (2)  Observatoire  de  Paris,  Sections  de  Meudon  et  de  Nangay 
DASOP  and  URA  324,  F-92195  Meudon,  France 

This  research  has  been  performed  in  the  frame  of  the  collaboration  between 
the  Meudon  and  Wroclaw  observatories.  Activity  of  3th  May  1993  occurred 
on  east  limb  of  the  Sun  and  was  observed  in  Wroclaw  by  means  of  the  Small 
Coronagraph.  It  was  associated  with  radio  sources  observed  by  the  Nangay 
Radioheliograph.  The  same  regions  were  observed  also  on  the  opposite  limb 
on  13th  and  14th  May  by  the  same  equipment.  During  the  first  day  of  the 
observations,  as  well  as  the  next  ones,  both  the  optical  events  and  the  redio 
sources  were  occurring  in  two  remote  regions  in  turn,  pointing  to  an  existing 
connection  of  these  two  regions  by  a  big  magnetic  loop  spanned  over  the  solar 
equator. 
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STRUCTURE  OF  X-POINT  IN  SOLAR  CORONA  AS  NONLINEAR  KINETIC 
PROBLEM 

V.M.  Gubchenko,  M.L.  Khodachenko 

(Institute  of  Applied  Physics,  Ulyanov  Str.  46, 603600, 

Nizhny  Novgorod,  Russia) 

Magnetic  reconnection  in  solar  corona  like  in  Earth  magnetosphere  more  adequate  to 
study  in  kinetics.  The  reason  is  that  plasma  is  hot  and  collisionless,  dynamics  of  the 
reconnection  process  is  slow.  We  can  find  resonant  and  nonresonant  effects  in 
interaction  plasma  -  inductive  e.m.  field,  the  effect  can  not  be  studied  in  MHD.  The 
key  point  of  reconnection  arc  X-points  of  unmagnetized  plasma  where  we  have  current 
carrying  plasma  with  not  prescribed  structures  of  fields,  currents,  flows  etc.  This 
structures  are  treated  via  liner  study  of  dispersive  (diamagnetic,  conductive)  properties 
of  collisionless  hot  plasma .  For  prescribed  configuration  of  plasma  with  an  anisotropy 
due  to  current  in  a  linear  approach  we  have  structures  from  TE  and  TM  modes. 
Selfconsistent  study  of  current  formation  can  be  done  only  by  nonlinear  terms.  We 
have  current  formation  from  resonant  and  nonresonant  particles  under  accelerating 
action  from  applied  electric  field  at  X  type  magnetic  field.  This  process  which  takes 
into  account  discrete  particle  structure  of  plasma  we  study  in  laminar  and  turbulent 
approach.  \\[2cm] 


ULYSSES- WIND  SIMULTANEOUS  OBSERVATIONS  OF  SOLAR 
TYPE  m  KILOMETRIC  RADIO  BURSTS  ASSOCIATED  WITH 
LANGMUIR  WAVES 

S.  Hoang,  G.  A.  Dulk,  J.-L.  Bougeret  and  Y.  Leblanc 

Observatoire  de  Paris,  DESPA,  URA  264  CNRS,  92195  Meudon,  France  . 

Sang . EoangCobspm . f r 

In  order  to  identify  the  emission  mode  and  directivity  of  Interplanetary  type  III 
kilometric  radio  bursts,  we  have  analysed  simultaneous  observations  of  these 
emissions  from  the  Ulysses  and  Wind  spacecraft.  Wind  is  stationed  near  Earth 
at  1  AU  ;  Ulysses  is  widely  separated  from  Wind  in  heliocentric  distance,  lon¬ 
gitude  and  latitude.  For  this  study,  we  have  selected  some  type  III  bursts  which 
are  associated  with  Langmuir  waves  detected  at  one  spacecraft.  The  electrons 
responsible  for  the  radio  emission  are  known  to  travel  along  the  approximate 
spiral  magnetic  field  lines  from  the  Sun  to  the  spacecraft  where  they  generate 
Langmuir  waves  locally.  From  the  other  spacecraft,  we  observe  the  same  ra¬ 
dio  burst  with  some  delay  because  of  a  different  propagation  path.  We  then 
compare  the  burst  onset  times  and  intensities  at  the  two  spacecraft  with  the 
predicted  onset  times  and  distances  of  the  source  regions  as  deduced  from  the 
assumed  spiral  trajectory  of  the  type  III  electron  streams,  for  both  the  funda¬ 
mental  and  harmonic  emissions.  The  main  result  is  that  type  III  bursts  radiate 
at  both  modes  with  different  directivities.  At  large  angles  from  the  spiral  field 
lines,  only  the  harmonic  emission  could  be  observed  due  to  its  broader  radiation 
pattern. 


Jovian  Radio  TJullseyea’  Observed  by  Ulysses  URAP 
M.  L.  Kaiser  and  R.  J.  MacDowall 

NASA/Goddard  Space  Flight  Center,  Greenbelt,  MD,  USA  20771 
kaiser@lepmlk.gsfc.nasa. go  v/F  ax:  1-301-286-5461 

During  the  several  month  interval  in  1991  and  1992  when  the  Ulysses 
spacecraft  was  within  about  1  AU  of  Jupiter  (as  well  as  some  isolated 
cases  much  farther  away),  the  low  frequency  radio  receiver  (<50 
kHz)subsystem  of  the  Ulysses  URAP  instrument  detected  several  (10-20) 
episodes  of  signals  that  had  the  appearance  of  partial  ’bullseyes'  (i.e.  a 
central  bright  spot  partly  surrounded  by  concentric  bright  circles)  when 
displayed  on  frequency  versus  time  dynamic  spectra.  These  Wlseye’ 
features  were  of  certain  Jovian  origin,  not  only  because  of  their  relatively 
high  occurrence  when  Ulysses  was  near  Jupiter,  but  also  because  there 
were  some  cases  when  the  bullseye  features  recurred  at  10-hour  intervals. 
There  was  a  strong  tendency  for  the  events  to  be  observed  when  the 
Jovian  South  dipole  nodded  toward  the  spacecraft.  The  occurrence  pattern 
also  showed  a  roughly  25-27  day  periodicity.  Similar  features  were  not 
reported  during  the  Voyager  era.  We  describe  these  features  and  their 
possible  correlation  to  structures  in  the  solar  wind  impinging  on  the 
Jovian  magnetosphere.  We  speculate  on  the  nature  of  the  features  and 
discuss  the  possibility  of  unusual  propagation  conditions  in  the  Jovian 
magnetosphere. 


SOME  WIND  AND  ULYSSES  OBSERVATIONS  RELATING  TO 
THE  ORIGIN  OF  TYPE  III  BURSTS 

P.J .Kellogg  (1),  P.J. Kellogg  (1),  Naiguo  Lin  (2)  and  S.D.Bale  (3) 

(1)  Observatoire  de  Paris-Meudori,  92195  Meudon,  France,  (2)  University  of 
Minnesota,  Minneapolis,  MN,  55455  USA,  (*)  University  of  California,  Berke¬ 
ley,  CA,  USA. 

kelloggCmegasx.obapm.fr 

The  primary  Langmuir  waves  which  give  rise  to  Type  III  solar 
radio  bursts  are  generated,  at  1  AU,  by  electrons  in  the  few  Kev  energy 
range,  and  as  a  consequence,  the  resonant  frequency  lies  very  close 
to  the  local  plasma  frequency,  a  few  tens  to  hundreds  of  Hertz  above 
it.  Therefore  it  is  necessary  to  take  into  account  both  the  magnetic 
field,  as  the  electron  cyclotron  frequency  is  comparable  to  this 
frequency  difference,  and  plasma  frequency  fluctuations,  as  was  done  in 
calculations  by  Krauss-Varban  (1989) 

Data  from  type  III  bursts  collected  by  the  the  Waves  experiment 
on  Wind  will  be  shown  to  illustrate  these  effects.  Data  from  the  Earth’s 
foreshock  Langmuir  waves  further  elucidate  the  processes. 

It  is  of  interest  to  understand  the  wave  modes  involved  in  the 
density  fluctuations,  as  these  determine  frequency  diffusion  in  the 
interaction  process.  Data  from  Ulysses  as  well  as  from  Wind- Waves 
which  bear  on  mode  determination  will  be  presented. 


TECHNICAL  ASPECTS  IN  THE  OBSERVATION  OF  FAST, 
TIME- VARYING  RADIO  EMISSIONS  FROM  SOURCES  IN  THE 
SOLAR  SYSTEM. 

P.  Kleewein 

Institute  for  Space  Research,  A-8010  Graz,  Austria, 
peter . kleeweinCcarinthia . com 

An  appropriate  antenna/receiver/analyzer  combination  is  a  prerequisite  for 
studying  radio  emission  phenomena.  The  increase  of  eceiver/analyzer  perfor¬ 
mance  -  being  possible  by  the  use  of  digital  techniques  -  may  lead  to  a  better 
understanding  of  the  physics  behind  the  wave  generation  process.  This  tech¬ 
nology  is  not  limited  to  ground-based  observations  but  may  also  be  used  on 
spacecraft  in  the  future.  In  this  presentation  the  author  tries  to  outline  some  of 
the  new  possibilities  the  technology  offers.  The  question,  whether  the  classical 
concept  of  short-time  spectra  is  appropriate  for  studying  rapidly  evolving  radio 
emissions  -  such  as  the  Jovian  S-bursts  -  will  be  addressed. 


PROPAGATION  OF  ELECTRON  BEAM  IN  THE  LOW  CORONA 
E.  P.  Kontar,  V.  I.  Lapshin  and  V.  N.  Melnik 

Kharkov  State  University,  Kharkov,  310077,  Ukraine,  National  Science  Center 
"Institute  of  Physics  k  Technology",  Kharkov,  310108,  Ukraine,  Institute  of 
Radio  Astronomy  of  National  Academy  of  Sciences  Kharkov,  310002,  Ukraine. 
lapshinOpem  .kharkov  .ua/Fax:  38-0572-353977 

Dynamic  of  electron  beam  flying-off  is  considered  in  case  initial  electron  distri¬ 
bution  is  localised  in  space  region.  Equations  has  been  solved  using  gas- dynamic 
approach  within  theory  of  weak  turbulence.  Numerical  analysis  and  analytical 
consideration  of  the  initial  problem  of  monoenergetic  electron  beam  flying-off 
with  parameters  characteristic  for  the  low  corona  show  that  electron  propagates 
into  plasma  depth  as  a  beam-plasma  structure  with  constant  velocity.  Speed 
of  the  beam-plasma  structure  is  equal  to  the  half  of  the  maximum  velocity  of 
electrons  involving  in  this  structure.  Since  this  structure  consists  of  not  only 
electrons  but  plasmons  we  have  possibility  to  obtain  strict  expressions  for  trans¬ 
verse  waves  radiation  within  plasma  emission  model.  Dependency  of  spectral 
energy  density  of  Langmuir  waves  on  phase  velocity  is  analytically  obtained 
and  it  is  compared  to  numerical  results.  It  is  shown  that  analytical  values  are 
in  an  exellent  agreement  with  numerical  solution  of  kinetic  equations. 
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TRACING  THE  ELECTRON  DENSITY  FROM  THE  CORONA 
TO  1  AU 

Yolande  Leblanc,  George  A.  Dulk  and  Jean-Louis  Bougeret 
CNRS-URA  264,  Departement  de  Recherche  Spatiale,  Observatoire  de  Paris, 
92195  Meudon,  France. 
leblancCobspm . f r 

We  derive  the  electron  density  distribution  from  the  low  corona  to  1  AU  us¬ 
ing  observations  made  from  13.8  MHz  to  a  few  kHz  by  the  radio  experiment 
WAVES  aboard  the  spacecraft  WIND.  We  concentrate  on  type  m  bursts  whose 
trajectories  intersect  the  spacecraft,  as  determined  by  the  presence  of  burst- 
associated  Langmuir  waves,  or  by  energetic  electrons  observed  by  the  3-D 
Plasma  experiment.  For  these  bursts  we  are  able  to  determine  the  mode  of 
emission  fundamental  or  harmon  ic,  the  electron  density  at  1  AU,  the  distance 
of  emission  regions  along  the  spiral,  and  the  time  spent  by  the  beams  as  they 
proceed  from  the  low  corona  to  1  AU.  By  measuring  the  onset  time  of  the  burst 
at  each  frequency  we  are  able  to  derive  an  electron  density  model  all  along  the 
trajectory  of  the  burst.  For  all  of  the  bursts  considered,  the  emission  mode  at 
burst  onset  was  the  fundamental;  by  contrast,  in  deriving  most  previous  mod¬ 
els,  harmonic  emission  was  assumed.  Our  density  model  is  compared  to  the 
existing  models  and  those  derived  from  direct,  in-situ  measurements.  One  im¬ 
plication  of  our  results  is  that  isolated  type  III  bursts  do  not  usually  propagate 
along  dense  regions,  as  it  is  still  sometimes  assumed. 


A  DIGITAL  SPECTRUM  ANALYZER  FOR  GROUND  BASED 
DECAMETRE  RADIO  ASTRONOMY 


A.  Lecacheux  (1),  P.  Kleewein  (2),  M.Y.  Boudjada  (2),  V.  Clerc  (1),  F.  Dubuy, 
(1),  H.  de  Lassus  (1)  ,  Ph.  Moreau,  C.  Rosolen  (1),  H.O.  Rucker  (2) 

(1)  Observatoire  de  Meudon  -  ARPEGES,  F-92195  Meudon  Cedex,  France  (2) 
Space  Research  Institute,  Halbaerthgasse  1,  A-8010  Graz,  Austria 

We  describe  the  first  observing  results  of  a  new  spectrum  analyzer  for  ground 
based,  decametre  radio  astronomy,  which  has  been  developped  at  the  Paris- 
Meudon  Observatory  in  collaboration  with  the  Space  Research  Institute  of 
Graz.  We  discuss  the  design  of  the  analyser,  mainly  driven  by  the  man  made 
radio  interferences  problem,  and  present  observations  of  celestial  bodies  (in¬ 
cluding  Jupiter,  the  Solar  Corona  and  some  galactic  radio  sources)  which  have 
been  obtained  with  the  Nancay  Decameter  Array  during  the  second  half  of 
1997.  At  the  light  of  these  observations,  we  emphasize  that  direct  digital  signal 
processing  techniques  will  presumeably  play  an  important  role  in  the  future 
radio  astronomy. 


Wavelet  analysis  of  the  ELF  radio  noises  pro¬ 
duced  by  the  lightning  activity 

G-  Litvinenko,  V.  Vinogradov  (Radioastronomy  Institute,  4,  Kras- 
noznamennaya  str.,  310002  Kharkov,  Ukraine) 

The  radiation  of  the  lightning  strokes  observed  in  the  Earth  -  iono¬ 
sphere  cavity  is  natural  electromagnetic  noise  of  ELF  range  (4-40 
Hz).  It  can  be  listed  few  reasons  grounding  the  actuality  of  this 
process  investigation:  1)  The  interferences  of  receiving  ELF  signals 
from  the  Earth  and  space  sources  associated  with  the  lightning 
emission.  2)  Last  time  the  hypothesis  has  been  put  forward  that 
the  lightning  processes  exist  in  the  gas  shapes  of  the  some  Solar 
System  planets  (for  instance,  on  Jupiter).  The  detail  investigation 
of  Earth’s  lightning  effects  gives  possibility  to  distinguish  the  light¬ 
ning  process  in  observing  ELF  signals.  In  this  work  the  signals 
produced  by  lightning  strokes  have  been  analyzed  by  the  wavelet 
method.  It  has  been  shown  that  the  emission  of  lightning  strokes 
can  be  regarded  as  1/ p  process  (named  flicker-noise)  with  typical 
values  of  7  €  [1,  2].  The  graphical  results  are  presented. 


A  GLOBAL  SURVEY  OF  THE  JOVIAN  MAGNETOSPHERIC  ACTIVITY, 
POSSIBLE  RELATIONSHIP  WITH  THE  IO  ACTIVITY 

P.  Louarn  (1),  A.  Roux  (2),  S.  Perraut  (2),  W.  Kurth  (3)  and  D.  Guraett  (3) 

(I)  Observatoire  Midi-P}r6n6es,  Toulouse,  France,  (2)  Centre  d’etude  des 
Environnements  Terrestres  et  Planetaires,  Vflizy,  France,  (3)  University  of  Iowa, 
Iowa,  USA 

louam@obs-mip.fr /Fax;  33  561  332  840 

Large  scale  energetic  phenomena  that  would  be  consequences  of  explosive  releases 
of  energy  in  the  jovian  magnetosphere  are  recurrently  detected  by  the  Galileo  PWS 
experiment  Their  onsets  are  indicated  by  sudden  detections  of  bursts  of  kilometric 
radiations  (b-KQM),  followed  by  intensifications  of  the  auroral  radio  emissions 
(DAM  and  HOM).  They  also  correspond  to  important  reorganizations  of  the 
sources  of  the  n-KOM  and  modifications  in  the  structure  of  the  magnetodisc.  These 
energetic  events  present  obvious  analogies  with  the  geomagnetic  substorms.  An 
hypothesis  would  be  that  they  are  directly  linked  to  instabilities  that  develop  in  the 
outer  regions  of  the  Io  toms.  We  present  a  global  survey  of  these  energetic  events 
corresponding  to  an  analysis  of  2  years  of  observations.  It  is  shown  that  the 
periodicity  of  these  energetic  events  varies  from  less  than  50  hours  to  more  than 
100  hours.  This  could  be  related  to  variations  in  the  activity  of  Io  and,  more 
precisely,  to  variations  in  the  flux  of  matter  escaping  from  this  moon. 


RADIO  EMISSION  FROM  SHOCKS  IN  THE  HELIOSPHERE 
G.  Mann 

Astrophysikalisches  Institut  Potsdam,  An  der  Sternwarte  16,  Potsdam,  D- 14482 
Germany. 

In  the  solar  corona  flares  and/or  coronal  mass  ejections  can  generate  shock 
waves.  A  part  of  them  is  able  to  penetrate  into  the  interplanetary  space.  These 
shock  waves  appear  as  so  called  type  II  bursts  in  dynamic  radio  spectra.  But 
other  shock  waves,  e.  g.  planetary  bow  shocks  and  the  helisopheric  termina¬ 
tion  shock,  are  also  emitting  radio  radiation.  This  property  indicates  that  these 
shocks  must  be  able  to  accelerate  electrons  up  to  suprathermal  velocities.  Dif¬ 
ferent  acceleration  mechanisms  acting  at  shock  waves  in  the  helisophere  are 
presented  and,  subsequently,  compared  with  the  observations  in  an  quantita¬ 
tive  manner. 


A  NEW  2-D  MODEL  OF  THE  IO  PLASMA  TORUS 

M.  Moncuquet  (1),  F.  Bagenal  (2)  and  N.  Meyer- Ver net  (1) 

(1)  DESPA,  Observatoire  de  Paris-Meudon,  92195  Meudon,  France,  (2)  DA- 
PAS,  University  of  Colorado,  Boulder,  CO  80303-0391,  USA. 
aoncuquetCobspm . 1 r 

We  present  a  2-D  kinetic  collisionless  model  of  the  Io  plasma  torus  based  on 
“anisotropic  bi-kappa”  distributions  to  calculate  the  latitudinal  structure  (i.e. 
density  and  temperature  of  each  particle  species  along  the  magnetic  field  lines), 
using  the  nearly  equatorial  data  set  from  Voyager  1  to  empirically  design  the 
radial  structure,  following  F.  Bagenal[l994].  Our  new  model  basically  reconciles 
the  Voyager  1  and  2  and  Ulysses  observations,  and  shows  that  they  actually 
correspond  to  similar  latitudinal  and  radial  variations  of  the  plasma  torus  den¬ 
sities  and  temperatures.  This  model  also  renders  the  ion  temperature  radial 
profile  from  Voyager  1  (which  is  increasing  with  distance  to  Jupiter  beyond 
~7.5  Jovian  radii)  compatible  with  a  quasi-adiabatic  temperature  decrease  at 
the  torus  equator. 
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SIMULTANEOUS  HIGH  RESOLUTION  OBSERVATION  OF  A 
SEQUENCE  OF  JUPITER  MILLISECOND  BURSTS  AT 
NANCAY  (FRANCE)  AND  GRAZ  (AUSTRIA) 


H.O.  Rucker  (1),  A.  Lecacheux  (2),  M.Y.  Boudjada  (1),  P.  Galopeau  (3),  M. 
Aubier  (2),  P.  Moreau  (2),  and  F.  Dubuy  (2) 

(1)  Space  Research  Institute,  Halbaerthgasse  1,  A-8010  Graz,  Austria  (2)  Ob- 
servatoire  de  Meudon  -  ARPEGES,  F-92195  Meudon  Cedex,  France  (3)  Centre 
des  Etudes  des  Environneraents  Terrestre  et  Planetaire,  F-78140  Velizy,  France 


THE  CASSINI  DUST  EXPERIMENT 

R.  Srama,  E.  Gru*n  (Max- Planck- Ins titut  fuar  Kamphysik,  Postf.  10 
39  60,  69029  Heidelberg,  Germany }  and  the  CASSINI-Duat- 
Scianca-Team 


The  Cosmic  Dust  Analyser  (CDA)  whs  launched  onboard  CASSINI  in  October  1991. 
This  instrument  can  detect  and  analyse  interplanetary,  interstellar,  Joviar. 
and  Saturn  dust.  With  its  sensitive  area  of  0.1  mA2,  fluxes  as  low  as  1 
impact /month  can  be  detected.  The  measurement  of  the  dust  characteristics  mass 
(10-15  -  10-9  g) ,  electric  charge  (10e-15  -  lOe-  12  C) ,  chemical  composition 
(mass  resolution  20-50)  and  speed  (1-100  km/s)  is  accomplished  by  using  impact 
ionisation.  A  High  Race  Detector  (HRD)  is  used  to  detect  high  impact  rates.  The 
instrument  capabilitiss  and  the  scientific  goals  are  presented. 


The  observation  of  a  Jovian  Io-B  event  on  July  23/24,  1997,  simultaneously 
performed  at  the  radio  stations  Nancay  (France)  and  Graz  (Austria),  enabled 
the  first  direct  comparison  of  Jovian  decameter  S-burst  narrowband  emission 
on  a  time  scale  of  milliseconds.  The  achieved  time  resolution  was  8  ms  and  4 
ms  for  Nancay  and  Graz,  respectively,  and  the  frequency  resolution  was  20  kHz 
in  both  sites.  Taking  into  account  the  respective  sensitivites  of  the  two  used 
radio  telescopes  and  the  distance  (about  1000  km)  between  the  observing  sites, 
the  observations  are  compared.  A  detailed  quantitative  investigation  discusses 
the  procedure  of  a  calibration  of  the  Graz  instrument,  compares  the  signal  to 
background  intensity  ratio,  and  analyses  the  variation  of  the  intensity  maxima 
within  the  narrowband  emission.  Corresponding  physical  interpretations  on 
the  plasma  properties  along  the  ray  path  will  be  addressed. 


ON  THE  DIFFERENT  RATIO  OF  LINEAR  TO  CIRCULAR  POLARIZATION 
IN  DIFFERENT  SOURCES  OF  THE  JOVIAN  DECAMETRIC  RADIO 
EMISSION 

V.E.  Shaposhnikov,  V.V.  Zaitsev  (Institute  of  Applied  Physics,  Ulyanov  Str.  46, 
603600,  Nizhny  Novgorod,  Russia) 

H.O.  Rucker  (Space  Research  Institute,  Halbaerthgasse  1,  A-8010  Graz,  Austria) 

We  consider  the  nature  of  the  difference  of  decametric  radio  emission  ellipticity  from 
B  and  A  sources,  as  well  as  the  difference  between  other  sources.  According  to  our 
view  the  ellipticity  of  decametric  radio  emission  is  fully  defined  by  the 
magnetospheric  plasma  density  distribution  in  the  interaction  region  of  jovian 
magnetosphere,  i.e.  in  the  region  of  the  magnetosphere  where  effective  linear  mode 
coupling  takes  place  for  a  given  emission  storm.  Taking  into  consideration  the  model 
of  the  planetary  magnetic  field,  which  has  significant  variations  of  the  field  and  the 
lack  of  the  polar  symmetry  due  to  presence  of  magnetic  multipoles,  we  show  that  the 
interaction  regions  for  B  and  A  sources  are  at  different  distance  from  the  planet.  The 
magnetospheric  plasma  density  is  differ  in  these  regions  due  to  radial  inhomogeneity 
of  the  magnetosphere  that  results  in  different  polarization  ellipticity  of  observed 
emission  from  different  sources.  We  discuss  a  possibility  of  magnetospheric  plasma 
monitoring  due  to  observations  of  polarization  ellipticity  of  the  decametric  radio 
emission,  as  well. 


IO-CONTROLLED  DECAMETER  ARCS  AND  IO-JUPITER  INTERACTION 
Philippe  Zarka  and  Julien  Queinnec 

DESPA,  CNRS/Observatoire  de  Paris,  92195  Meudon,  France 
Philippe.Zarka@obspm.ff/Fax:  +33-1-45072806 

The  sweeping  of  the  satellite  Io  by  Jupiter's  magnetic  field  results  in  an  electrodynamic 
circuit,  approximately  fixed  in  Io's  frame,  revealed  by  UV  and  IR  spots  at  the 
footprints  of  Io's  flux  tube  (IFT)  as  well  as  prominent  decameter  radio  arcs.  We 
analyze  the  frequency-time  shape  of  nine  of  these  "Io-arcs",  detected  over  their  full 
frequency  extent  in  joint  Nancay  and  Wind  data,  and  corresponding  to  four 
observation  geometries  (A,B,C  and  D).  We  compute  the  radio  beaming  angle  as  a 
function  of  frequency  and  lag  of  the  radio-emitting  flux  tube(s)  relative  to  the  IFT.  No 
assumption  is  made  on  the  radio  source  location  or  beaming.  We  find  northern  (resp. 
southern)  sources  for  A  and  B  arcs  (resp.  C  and  D).  The  shape  of  all  Io-arcs  is 
consistent  with  origin  from  a  single  flux  tube  (in  Io's  frame),  shifted  by  10!  (in  the 
south)  to  20!  (north)  with  respect  to  the  IFT.  This  lag  must  be  accumulated  before  Io's 
magnetic  perturbation  reaches  high  latitudes.  Radio  emission  is  beamed  in  a  hollow 
cone  of  average  aperture  75!  and  thickness  1!.  Arc  shapes  are  fully  determined  by  the 
geometry  of  observation.  Radio  fringes  preceding  the  main  Io-B  arcs  are  well 
explained  by  multiple  reflections  of  the  magnetic  perturbation  between  Jupiter's 
ionosphere  and  Io's  torus.  The  weak  trailing  part  of  Io-B  arcs  may  be  accounted  for 
through  double-beaming  of  the  radio  emission  or  a  frequency-  dependent  lag  of  the 
corresponding  radio  source.  The  latter  explanation  suggests  an  emission  scenario  in 
which  electron  acceleration  "leaks"  from  the  magnetic  perturbation  on  its  way  to 
Jupiter.  Magnetic  field  models  are  compared  and  evaluated  in  the  analysis. 


RADIO  EMISSION  EVENTS  ACCOMPANING  CORO¬ 
NAL  MASS  EJECTION 

Sheiner  O.  A. 

Radiophysical  Research  Institute,  Nizhny  Novgorod,  Russia  rfj@nirfi.sci- 
nnov.ru  Fax:  +8312  369902 

Analysis  of  the  electromagnetic  radiation  connected  with  CME  is 
of  considerable  interest  both  for  understanding  the  nature  of  CME 
and  their  relation  to  solar  flares. 

In  this  report  we  discuss  some  new  results  concerning  the  microwave 
processes  occuring  during  time  intervals  before  the  flash  phase  of  a 
flare  (precursors)  and  Coronal  Mass  Ejections  (CMEs). 

The  observational  samples  illustrated  the  connection  between  the 
precursors  and  CMEs  are  presented.  It  likes  probably  to  suggest 
the  physical  model  of  the  microwave  precursors  phenomena  on  the 
base  of  CME  arch. 
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PS7  Laboratory  studies  and  observations  on  dust,  ices 
and  organics  in  the  solar  system 


Convener:  Ehrenfreund,  P. 
Co-Convener:  Kochan,  H. 


Presentation  of  chemical  comet  model. 

Andreichikov,  B.M.,  G.G.  Dolnikov,  *Yu.  P.  Dikov. 

Space  Research  Institute  Russian  Academy  of  Sciences,  117810,  Profsoyuznaya 
84/32,  GSP-7,  Moscow,  Russia,  ‘Institute  of  Ore  Deposits,  Petrography, 

Mineralogy  and  Geochemistry  Russian  Academy  of  Sciences. 

Cores  of  comets  is  primary  the  materia!  consisting  of  frozen  flying  mixture  hydrides 
(basically  -  a  methane,  a  silane)  and  hydroxides  (basically  -  brusite).  External  shell  of 
core  is  formed  in  accordance  with  scheme  described  in  [1]  when  a  comet  encounter 
with  the  Sun.  Reactions  of  oxidation  silane  probably  commit  on  surfaces  of  particles 
brusite,  and  it  is  possible  with  dehydratation  of  them.  Water  appear  here.  Of  energy 
standing  out  in  processes  of  these  reactions  sufficiently  for  forming  the  magnesium 
silicates  only  in  thin  layer  of  chemical  reactor.  Below  they  is  absent,  but  there  are 
water,  brusite,  silane.  Possible  in  following  cycle  of  rapprochement  with  the  Sun  will 
here  be  renewed  chemical  activity  of  comet  and  the  mantle  is  product  of  it.  In  the 
course  of  time,  volume  of  core  is  decreased,  but  volume  of  mantle  is  being  enlarged. 
Here  does  not  occur  of  the  essential  change  of  mineral  component  in  contrast  with  the 
external  shell  of  the  core.  But  of  water  in  the  mantle  is  already  not  And  probably 
water  has  been  connected  of  serpentimtes  in  the  external  shell  of  core.  Energy  is  being 
transmitted  in  the  mantle  together  with  the  hydrogen  from  the  chemical  reactor.  But  it 
is  sufficiently  only  for  transmutation  in  the  mineral  structure  of  mantle  of  limited 
hydrocarbons  into  unlimited  hydrocarbons  of  ethylene  and  diene  rows.  Further 
transformations  of  a  hydrocarbons  and  mineral  part  occur  in  the  crust.  The  thickness 
of  this  layer  is  not  great  because  solar  radiation  have  a  small  efficient  penetration 
depth.  Round-robin  and  aromatic  hydrocarbons  are  being  formed  here.  The  joins 
Mg2Si ,  being  product  of  recovering  the  oxidized  magnesia!  silicates  by  the  flow  of  a 
hydrogen  from  the  core  help  possibly  at  this  processes.  The  other  product  -  water  is 
lost  by  the  comet  Certainly,  its  surface  is  renovated  under  the  action  of  various  causes 
up  to  destroying  at  the  clashes  with  other  cosmic  bodies  and  of  spraying  its  material 
in  the  explosive  oxidation  reactions  of  methane  and  silane.  It  is  possible  as  well 
destruction  of  comet  spontaneously  when  defensive  layer  between  the  core  and  area  of 
chemical  reactor  is  thin  and,  consequently,  comets  -  a  source  of  hydrocarbons  of  the 
Solar  system. 


Laboratory  Spectrophotometry  of  Analog  Materials  for  Studies  of 
Solid  Planetary  Surfaces. 

G*  Arnold,  (DLR.  Insfitut  fur  Planetenerkundung,  Beilin,  Germany) 

Measurements  of  laboratory  reflectance  and  cmittanoe  spectra  of  analog  materials  are 
necessary  for  evaluation  of  remote  sensed  V1S/1R  data  obtained  from  planetary  objects 
on  board  of  space  missions.  The  spectral  and  photometric  properties  of  solid  planetary 
sunacesdepend  on  their  geochemical  composition,  on  the  texture  and  morphology  of 
the  surtace  material  and  on  the  viewing  and  illumination  geometry.  Laboratory 
masurements  of  toe  reflectance  in  the  visible  and  near  infrared  range  and  of  the 
emittance  in  the  mid  infrared  support  the  surface  composition  analysis  and  the 
extraction  of  textural  and  physical  parameters  for  planetary  surfaces.  The  DLR 
SpectrophotometryLaboratory  (SPL)  combines  facilities  for  the  spectral  and  photomedc 
tojmes  consisting  of  a  Fourier  Transform  Spectrometer  analyzing  the  bi  coni  cal 
reflectance  and  toe  cmiuancc  (Spectral-Laboratory,  SL)  in  the  V1S/NIR/M1R  range  and 
of  toe  IXi^-Gonic^Photcrnetry-Labcralory  (GPL)  for  measurements  of  the  bidirectional 
reflectance  in  toe  VIS/NTR  region.  This  work  presents  the  DLR  SPL.  It  summarizes 
results  of  the  spectrophotometric  analysis  of  different  analog  materials  and  discusses 
their  implications  for  the  evaluation  of  remote  sensed  data. 


SIMULATIONS  OF  THE  MARTIAN  SPECTRAL  RADIANCE  IN  THE 
PRESENCE  OF  ATMOSPHERIC  DUST 

M.  I.  Blecka(l),  L.  Colangeli  (2),  E.  Palomba  (2),  F.  Esposito  (2) 

(1)  Space  Research  Centre,  00-716  Warszawa,  Poland,  mib@cbk.waw.pl  /Fax: 
+48.39. 121273;  (2)  Astronomical  Observatory  of  Capodimonte,  Napoli,  Italy 

The  interest  towards  Mars  is  nowadays  renewed  as  various  satellites,  already  launched 
or  foreseen  for  the  future,  will  visit  this  planet,  providing  a  new  wealth  of  data.  In 
particular,  infrared  spectroscopic  observations  need  a  parallel  modelling  effort  for  a 
proper  interpretration  of  observations.  The  goal  of  our  modelling  is  to  evaluate  the 
influence  of  a  non  negligible  fraction  of  dust  particles  on  intensity  and  profile  of 
atmospheric  Martian  spectra.  The  joint  effects  of  the  atmosphere  and  the  surface 
materials  have  been  also  accounted  for.  For  the  modelling,  a  version  of  the 
MODTRAN  code,  expressly  modified  for  application  to  the  Mars  environment,  has 
been  used.  To  represent  the  materials  forming  dust  dispersed  in  the  atmosphere  and  on 
surface,  we  have  considered  montmoril Ionite  and  palagonite.  Indices  of  refraction  (n 
and  k)  and  reflectance  of  these  materials  measured  in  the  laboratory  have  been  used. 
The  obtained  results  can  have  important  effects  on  the  interpretation  of  infrared 
spectra  that  instruments  such  as  TES  (Thermal  Emission  Spectrometer)  on  board  the 
Mars  Global  Surveyor  and  PFS  in  Mars  Express  mission. 


NEW  MOLECULAR  SPECIES  IN  COMET  HALE-BOPP 

D.  Bockelee-Morvan  (1),  D.C.  Lis  (2),  J.  Wink  (3),  D.  Despois  (4),  D.  Ben- 
ford  (2),  N.  Biver  (1,5),  P.  Colom  (1),  J.  Crovisier  (1),  J.K.  Davies  (6), 
W.R.F.  Dent  (7),  M.  Gardner  (2),  D.  Gautier  (1),  E.  Gerard  (1),  B.  Ger¬ 
main  (1),  E.  Lellouch  (1),  D.  Mehringer  (2),  R.  Moreno  (8),  G.  Paubert  (8), 
T.G.  Phillips  (2)  and  H.  Rauer  (1,9) 

(1)  Observatoire  de  Paris,  Meudon,  France,  (2)  Caltech,  California,  USA, 
(3)  IRAM,  Grenoble,  France,  (4)  Observatoire  de  Bordeaux,  Floirac,  France, 
(5)  IfA,  University  of  Hawaii,  USA,  (6)  Joint  Astronomy  Centre,  Hawaii,  USA, 
(7)  Royal  Observatory  Edinburgh,  UK,  (8)  IRAM,  Granada,  Spain,  (9)  DLR, 
Berlin,  Germany. 

Observations  of  the  remarkable  comet  C/1995  01  (Hale-Bopp)  brought  new  in¬ 
sights  on  the  composition  of  cometary  ices.  We  present  here  the  results  obtained 
at  the  Institut  de  Radioastronomie  Millimetrique  (IRAM)  telescopes  and  Cal¬ 
tech  Submillimeter  Observatory.  They  resulted  in  the  first  detection  of  HC3N, 
NHoCHO,  HCOOCH3,  SO,  S02  in  a  comet.  HDO  and  H13CN  were  detected. 
HNCO  and  OCS,  marginally  seen  in  C/1996  B2  Hyakutake,  were  confirmed. 
These  observations,  together  with  observations  of  HNC  and  CH3CN  and  of 
more  "classical”  species  CO,  HCN,  CH3OH,  H2CO,  CS  and  H2S,  permit  us  to 
make  an  extensive  inventory  of  the  composition  of  the  coma  of  comet  Hale- 
Bopp.  In  addition,  stringent  upper  limits  on  the  abundances  of  a  number  of 
species  of  peculiar  interest  were  obtained.  A  comparison  with  abundances  found 
in  interstellar  hot  cores  believed  to  reflect  the  composition  of  interstellar  grains 
is  presented  and  discussed. 


S.E.M.A.Ph.Or.E  COMETAIRE,  A  TOOL  FOR  THE  STUDY  OF  THE 
PHOTOCHEMICAL  DECOMPOSTION  OF  PROBABLE  COMETARY 
LARGE  ORGANIC  MOLECULES 

H.  Cottin.  M.C.  Gazeau,  F.  Raulin 

LISA,  Universite  Paris  XII,  Avenue  du  General  de  Gaulle,  94000  Creteil,  Fax  :  33  1 
45  17  15  64,  E-Mail :  Cottin@Iisa.univ-parisl2.fr 

S.E.M.A.PH.OR.E  COMETAIRE  means  in  French  :  Simulations  Experimentales  et 
Modelisation  Appliqu6es  aux  PHenomdnes  ORganiques  dans  les  Environnements 
COMETAIRES  (Experimental  Simulations  and  Modeling  related  to  Organic 
Phenomena  in  Cometary  Environments).  The  aim  of  this  work  is  to  study  the 
chemical  pathways  that  lead  to  the  decomposition  of  the  organic  molecules  when 
they  are  ejected  from  the  nucleus  of  a  comet  to  its  coma,  as  it  is  warmed  by  the  sun. 
There  is  no  direct  or  clear  indication  of  the  composition  of  comet  nucleus,  but  the 
coma  and  its  tail  has  been  studied  by  in-situ  and  ground  based  observations.  It  could 
be  very  interesting  to  establish  correlations  between  the  nuclei’s  composition  and 
what  we  can  detect  in  the  Coma.  This  study  has  three  direct  applications  :  a  better 
understanding  of  the  nuclear  composition  from  large  parent  molecules,  data  for 
studying  extended  sources  of  H2CO,  CO  and  other  daughter  molecules,  and  it  should 
help  to  link  information  from  the  lander  and  from  the  orbiter  of  the  Rosetta  mission. 
The  first  results  which  concern  the  irradiation  of  Polyoxymethylene  (H2CO 
polymer)  and  other  compounds  of  cometary  and  exobiological  interest,  at  122 
(Lyman  £)  and  147  nm,  will  be  presented. 
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'  OBSERVATIONS  OF  COMET  HALE-BOPP:  PHYSICAL  PROP¬ 
ERTIES  AND  CHEMICAL  COMPOSITION  OF  DUST  GRAINS 

Yu.N. Gnedin,  T.P.Kiseleva  and  T.M.Natsvlishvili 

The  Central  Astronomical  Observatory  of  Russian  Academy  of  Science,  Pulkovo, 

St.  Petersburg,  Russia  196140. 

gnedinCgao .pnpi .  Bpb.ru/Fax:  [7J-812-314-3360 

A  review  of  completed  and  current  photometric,  spectroscopic  and  polarimetric 
observations  of  Comet  Hale-Bopp  is  presented  with  the  stress  made  on  obser¬ 
vations  performed  in  FSU  countries.  Polarimetric  behaviour  of  the  cometary 
structures  for  various  dates  and  moments  of  time  is  analysed  in  detail.  Pho¬ 
tographic  observations  made  with  26-inch  telescope  of  Pulkovo  observatory  in 
March  and  April,  1997  have  shown  an  arm-spiral  and  shell  structure  inside  the 
Comet’s  head.  The  physical  parameters  and  chemical  composition  of  cometary 
dust  structures  are  derived.  We  consider  the  origin  of  separate  Natrium  tail 
of  the  Comet  as  the  one  produced  by  large  molecular  clusters  evaporated  from 
the  nucleus.  The  place  of  Comet  Hale-Bopp  origin  in  the  Solar  System  is  also 
discussed. 


OBSERVATIONS  AND  LABORATORY  STUDIES  OF  INTER¬ 
STELLAR  AND  COMETARY  ICES:  AN  ISO  VIEW 

P.  Ehrenfreund 

Leiden  Observatory,  P  0  Box  9513,  2300  RA  Leiden,  The  Netherlands. 
pascaleCstrwchem . strw . leidenuniv . nl 

ISO  (Infrared  Space  Observatory)  allows  to  study  for  the  first  time  the  com¬ 
plete  inventory  of  interstellar  ices  over  the  entire  spectrum  between  2.5-45  pm. 
First  ISO  data  showed  the  ubiquitous  presence  of  ices  in  dense  clouds  which 
were  never  seen  before,  such  as  carbondioxide  and  methane  ice  and  provided 
new  insights  into  the  gas  to  solid  ratio  of  many  interstellar  molecules.  ISO 
spectra  of  interstellar  gas  and  dust  in  comparison  with  laboratory  results  and 
theoretical  models  constrain  gas/grain  interactions,  temperature  and  irradia¬ 
tion  conditions  towards  star-forming  regions,  and  consequently  their  evolution. 
Well  established  abundances  of  interstellar  molecules  also  guide  the  interpre¬ 
tation  of  past  and  future  cometary  observations.  The  recent  ISO  observations 
of  interstellar  ices  reveal  that  the  abundances  of  many  ices  measured  towards 
embedded  protostars  are  consistent  with  current  cometary  observations,  indi¬ 
cating  that  interstellar  ices  may  have  been  incorporated  unaltered  into  comets. 
We  present  recent  laboratory  observations  on  ices  in  comparison  with  ISO  ob¬ 
servations  and  discuss  their  implications  for  comets. 


MATRIX  ISOLATION  SPECTROSCOPY  STUDY  OF  IRON 
REACTIVITY  TOWARDS  PAHs. 

F.  Elustondo,  M.Dalibart,  J.  Mascctti  and  J.  Derouault 
Laboratoire  de  Spectroscopie  MolSculaire  et  Cristalline 
University  Bordeaux  I  -  33405  Talence  Cedex  -  France. 
joelle@loriot.lsmc.u-bordeaux.fr  /  Fax:  +33  5  56  84  84  02 

The  polycyclic  aromatic  hydrocarbons  (PAHs)  are  thought  to 
be  responsible  for  the  unidentified  infrared  (UIR)  emission 
coming  from  the  interstellar  medium  (ISM).  An  other 
question  to  be  answered  is  the  iron  depletion  in  the  ISM.  Some 
authors  have  then  proposed  that  a  part  of  the  missing  iron 
could  be  "hindered"  in  organometallic  complexes  such  as 
Fen(PAH)m.  A  convenient  route  to  the  preparation  of  such 
species  and  their  identification  by  means  of  spectroscopy 
may  be  obtained  through  the  co-condensation  reaction  of 
metal  atoms  or  aggregates  with  PAHs  in  matrices  at  cryogenic 
temperature  (12K).  Our  FTIR  investigations  in  argon  matrices 
have  shown  that  such  Fen(PAH)m  neutral  complexes  may  be 
formed  in  low  temperature  dense  regions  of  the  ISM.  With 
pyrene,  three  species  with  different  metal-ligand  bonding 
are  observed.  Results  obtained  with  coronene  suggest  that  the 
iron  dimer  Fe2  is  more  reactive  than  the  atom  to  form  n~ 
complexes. 


FORMATION  OF  ORGANIC  MOLECULES  DURING  IMPACTS. 

M.V.Gerasimov(l),  Yu.P.Dikov(2),  O.I.Yakovlev(3),  F.Wlotzka(4) 

(1)  Space  Research  Inst.,  Moscow,  mgerasira@mx.iki.rssi.ru,  (2)  IGEM, 

RAS,  Moscow,  (3)  Vernadsky  Inst  of  Geochem.  &  Analyt  Chem., 

Moscow,  (4)  Max-Planck-Inst.  of  Chemistry,  Mainz,  F.R.G. 

The  evolution  of  organic  matter  from  abiogenic  species  to  complex  molecules  is  a 
fundamental  problem  of  the  Earth's  evolution.  Various  experiments  shows  that  the 
formation  of  organic  molecules  from  simple  C-,  H-,  N-,  containing  species  proceeds 
rather  effectively  under  reduced  conditions  during  the  action  of  different  energy 
sources  (electric  discharges,  heating,  shock  waves,  radiation,  etc.).  The  formation  of 
organic  molecules  during  impact  processes  has  special  interest  since  impacts  were  the 
most  powerful  energy  source  during  accretion  period  and  still  play  an  important  role 
in  planetary  evolution.  Laboratory  simulation  of  impact  vaporization  process  and 
investigation  of  accompanying  chemistry  shows  the  presence  of  rather  complex 
organic  molecules  in  the  resulted  products.  High-temperature  processes  during 
impacts  of  silicates  proceed  under  the  domination  of  free  molecular  and  atomic 
oxygen  what  is  vital  for  the  formation  of  organics.  Analyses  of  resulted  products 
shows  the  formation  of  both  oxidized  and  reduced  species  during  impact  simulated 
vaporization.  Thermodynamic  calculations  speaks  not  in  favor  of  gas  phase  reactions 
for  the  production  of  organic  molecules.  Heterogeneous  type  of  reactions  on  the 
surfaces  of  condensed  particles  can  be  more  reasonable. 


OBSERVATIONS  ON  DUST,  WATER  AND  ORGANICS  PRESENT 
IN  "GIANT"  ANTARCTIC  MICROMETEORITES 

M.  Gounelle  (1)  ,  C.  England  (1,2),  M.Maurette  (1)  and  G.  Kurat  (3) 

(1)  C.S.N.S.M,  Bat.104,  Orsay,  France  ;  (2)  Department  Earth  Space  Sciences, 
UCLA,  Los  Angeles,  USA  ;  (3)  Mineralogische  Abteilung,  Naturhistorisches 
Museum,  PO  Box  417,  Vienna,  Austria. 
maurette@csrism-in2p3.fr  /  Fax:  33  l  69  15  52  54 

Large  micrometeorites  recovered  from  Antarctic  ice  in  the  25-400  pm  size 
range  include  a  major  component  made  of  complex  aggregates  of  fine¬ 
grained  dust  consisting  of  anhydrous  and  hydrous  minerals,  as  well  as 
carbonaceous  matter.  These  micrometeorites  represent  by  far  the  dominant 
extraterrestrial  material  accreted  by  the  Earth  today  .  They  are  chemically 
and  mineralogically  related  to  the  relatively  rare  group  of  CM 
carbonaceous  chondrites  (about  1%  of  the  meteorite  falls).  However,  beside 
similarities  including  the  isotopic  composition  of  their  constituent  water, 
and  the  mineralogical  and  isotopic  compositions  of  their  refractory 
inclusions  (CAIs),  they  also  show  major  differences  to  this  group  of 
meteorites,  such  as  a  severe  depletion  in  chondrules .  Micrometeorites 
represent  a  new  class  of  solar  system  material,  which  is  not  represented  in 
the  meteorite  collections .  With  the  reasonable  assumption  that  meteorites 
and  micrometeorites  originate  from  asteroids  and  comets,  respectively,  the 
comparison  of  their  high  temperature  phases  (CAIs  and  chondrules) 
unexpectedly  leads  to  new  constraints  on  the  formation  of  the  solar  system, 
that  support  a  scenario  proposed  for  chondrite  formation  by  Frank  Shu  . 


THERMAL  EVOLUTION  OF  AMORPHOUS  MAGNESIUM 
SILICATE  SMOKES 

S  Hallenbeck  and  J.  Nuth 

NASA  Goddard  Space  Flight  Center,  Code  691,  Greenbelt,  MD  20771  USA 
shallenbeck@Iepvax.gsfc.nasa.gov/Fax:  301-286-0212 

Highly  amorphous  silicate  grains  which  form  in  the  outflows  of  mass  losing 
stars  or  in  the  ISM  must  undergo  some  degree  of  thermal  processing  to  form 
more  ordered  materials.  Amorphous  magnesium  silicate  smokes  were  prepared 
in  the  laboratory  by  vapor  phase  condensation  and  annealed  in  vacuum.  The 
samples  were  monitored  by  IR  spectroscopy  as  a  function  of  annealing  time  and 
temperature,  focusing  on  the  development  of  the  10  micron  silicate  feature. 
Thermal  evolution  of  the  initially  chaotic  condensates  led  to  the  appearance  of 
peaks  at  both  9.8  microns,  similar  to  the  feature  observed  for  silicate  grains  in 
circumstellar  outflows  and  in  the  ISM,  and  11  microns,  indicative  of 
"crystalline"  olivine.  The  dual  maxima  10  micron  feature  is  a  natural 
consequence  of  the  thermal  evolution  of  the  amorphous  condensate,  rather  than  a 
mixture  of  amorphous  and  "crystalline"  materials.  We  are  investigating  how  the 
appearance  and  duration  of  the  dual  maxima  feature  is  effected  by  the  magnesium 
concentration  and  the  morphology  of  the  initial  condensate  as  well  as  the 
annealing  history  of  the  grains. 
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THEORETICAL  PHOTO  POLAR!  METRIC  RESPONSES  OP 
FRACTAL  AGGREGATES  AND  THE  CODAG/ESA  EXPERIMENT 

V.  I  laudcbourgf Q,  M,  Cabancl  l)  and  A.-C.  r*vam'tir.Regourd(l) 

(t)  Service  d'A&onorole  -T15/K5-  4  place  Jussieu  -  75252  Paris  Codex  05  -  Prance 
viiiconthjUKfcbourg@acro.jussieu.fr 

The  solar  light  scattered  by  dust  piirtielci  in  the  Solar  System  depends  upon  the 
physical  properties  of  the  dust.  The  particles  are  irregular  aggregates  whose 
scattering  properties  cannot  be  adequately  described  by  simple  models.  However,  the 
CODAO  rocket  experiment  (to  be  launched  during  the  spring  9H)  should  provide 
laboratory  results  in  a  near  future.  Ooals  of  this  experiment  are  to  study  aggregation 
processes  in  microgravity  conditions  in  die  basic  case  where  constituents  of  the 
particules  (also  culled  monomers)  have  the  same  size  and  are  initially  individual 
spheres,  and  to  carry  out  photopolari metric  measurements  In  order  to  infer  clues 
about  properties  of  the  scattered  solar  light. We  expect  a  Ballistic  Cluster-Cluster 
process,  which  correspond  to  a  fractal  dimension  dose  to  2. 

In  this  context,  it  has  been  necessary  to  explore  theoretical  photopolari  metric 
responses  of  this  kind  of  aggregates.  'fhey  allow  experimental  choices  to  be  made 
and  results  to  be  obtained,  in  onlcr  to  understand  the  experimental  data.  Using  a 
fractal  description  of  aggregates  and  Drained  code  based  on  the  Discrct  Dipole 
Approximation,  we  analyse  influences  of  some  parameters  of  those  particules :  (l) 
shape  versus  the  fractal  dimension  which  depends  on  aggregation  processes.  (2) 
complex  refractive  index.  (3)  size  parameter  of  particule,  which  depends  on  the  size 
and  number  of  monomers  in  the  aggregate.  Such  results  will  Ik  of  use  as  well  in  the 
case  of  CODAO  experiment  as  in  the  case  of  more  sophisticated  future  experiments. 
CODAO  Is  funded  by  CNKS  and  liSA. 


MODELLING  OF  ATMOSPHERIC  DUST  EMISSION  AND 
SURFACE  REFLECTANCE  OF  MARS  APPLYING  A  RADIATIVE 
TRANSFER  SIMULATION  IN  THE  2.0  AND  2.7  C02  BANDS 

R.  Haus  (DLR-lnstitute  of  Planetary  Exploration, 

Rudower  Chaussee  5,  D- 12484  Berlin,  Germany) 

Synthetic  infrared  radiation  spectra  of  Mars  which  can  be  measured  by 
an  orbiting  Planetary  Fourier  Spectrometer  (PFS)  have  been  calculated 
in  the  spectral  region  from  1  to  50  ^m.  A  radiative  transfer  simulation 
technique  was  applied  taking  into  consideration  absorption,  emission 
and  multiple  scattering  by  molecular  (C02,  H20,  CO)  and  particulate 
(palagonite,  carbonate,  ice)  species.  It  is  shown  that  the  radiation 
contributions  from  atmospheric  dust  emission  and  surface  reflectance 
can  be  separated  in  the  region  of  the  C02  bands  at  2.0  and  2.7  jim, 
respectively.  Quantitative  results  of  an  aerosol  retrieval  procedure  are 
discussed. 


ICE  GRAINS  IN  COMETS:  LABORATORY  AND  NUMERICAL 
MODELLING 

Kh.  I.  Ibadinov 

(Inst,  of  Astrophysics  of  the  Tajik  Academy  of  Sciences, 
ibadinov@academy.  td.silk.  org  /  Fax:  +7  3772  274614) 

The  ice  grains  ejection  from  surface  of  pure  water  ice  and  from  surface 
of  water  ice  with  carbon  dioxide  admixture  was  determined  in  our 
laboratory  experiments  where  a  cometary  nucleus  models  were 
irradiated  by  light.  The  temperature,  the  sublimation  rate,  the  life  time, 
and  the  effective  acceleration  of  the  spherical  ice  grains  for  different 
heliocentric  distances  were  calculated  and  the  possibility  of  ice  particles 
existence  in  cometary  head  and  dust  tail  was  studied.  The  10-100 
microns  ice  particles  may  exist  in  comet  atmosphere  during  a  long  time, 
but  they  can  not  form  a  dust  tail  at  r  <  2  A.  U.  because  their  effective 
acceleration  is  almost  egual  zero.  The  ice  particles  <10  microns  can 
form  a  dust  tail  on  r  >  3  A.  U. 


THE  GENERAL  PROPERTIES  AND  FORMATION  CAUSE  OF  THE 
DUST  BANDS  IN  II  TYPE  COMETARY  TAILS. 

Kh.  I.  Ibadinov 

(Inst,  of  Astrophysics  of  the  Tajik  Academy  of  Sciences, 
ibadinov@academy.td.silk.org  /  Fax:  +7  3772  274614) 

Formation  conditions  and  properties  of  the  dust  bands  in  II  type  tails  of 
comets  1910  I,  1957  V,  1962  III,  1965  VIH,  and  1976  VI  has  been 
studied.  The  following  general  properties  of  the  dust  bands  in  these 
comets  and  their  formation  cause  were  determined:  1.  The  dust  bund’s 
maximal  value  of  the  effective  acceleration  decrease  when  its  age 
increase,  i.e.  a  cloud  of  submicron-micron  dust  particles  in  comet  tails 
fall  to  pieces  more  rapidly  than  the  cloud  of  larger  particles  (micron 
and  more  sizes).  2.  The  axis  of  the  dust  bands  do  not  intersect  the 
cometary  nucleus  and  is  located  between  nucleus  and  the  Sun.  The  ages 
of  different  parts  of  the  dust  bands  are  different.  3.  The  matter  of  dust 
bands  was  ejected  from  nucleus  in  perihelion  region  of  comet’s  orbit.  4. 
The  most  possibility  cause  of  dust  bands  formation  is  nucleus  splitting. 
The  number  of  bands  in  the  cometary  tail  is  possible  indicator  of 
number  of  relatively  big  fragments  of  the  nucleus  after  its  splitting.  5. 
The  nucleus  of  comets  with  dust  bands  of  the  II  type  tail  present  a 
compact  swarm  of  ice-dust  blocks. 


ABOUT  MODELLING  OF  THE  IR  SPECTRAL  FEATURES  OF 
THE  ICE  DUST  PARTICLES 
A.  E.  Ilin 

Pulkovo  Observatory,  Russian  Academy  of  Sciences,  St. Petersburg  196140,  Rus¬ 
sia. 

alexeiCilin.spb.su/Fax:  [7]  812  123  4922 

Recent  progress  in  the  laboratory  measurements  of  the  refractive  indexes  of 
the  ice  mixtures  has  lead  to  improved  models  of  dust  grains  that  are  widely 
used  in  the  interpretations  of  the  IR  spectral  features  in  the  spectra  of  different 
young  stars  and  objects  in  the  Solar  System.  This  work  is  an  examination 
of  the  feasibility  of  the  laboratory  measured  refractive  indexes  of  different  ice 
mixtures  to  the  interpretation  of  the  infrared  features  of  the  real  interstellar  and 
interplanetary  dust  particles.  We  present  here  results  for  the  dust  particles  of 
different  size,  structure,  topology,  porosity,  shape,  electric  charge  and  chemical 
composition. 


THE  NOVEMBER  1998/99  LEONID  METEOR  SHOWER 
UPDATE 

P,  Jenniskens  (1) 

(1)  The  SETI  Institute,  NASA/Ames  Research  Center,  USA 
peter@max.arc. nasa.gov/Fax:  +1-650-6041088 

Preparations  are  underway  for  airborne,  space  borne,  and  ground- 
based  observing  campaigns  to  explore  the  November  1998  (and 
November  1999)  Leonid  returns.  These  represent  our  only  chance  in  a 
lifetime  to  anticipate  a  meteor  storfn.  The  high  fluxes  make  it  possible 
to  use  instrumental  techniques  that  normally  suffer  from  low  detection 
rates.  Because  of  the  brief  but  significant  enhancement  of  influx,  the 
dynamics  of  meteoric  dust  in  the  atmosphere  can  be  followed. 
Moreover,  these  are  not  normal  meteors.  They  consist  of  relatively 
fresh  ejecta  that  still  contain  information  about  the  ejection  process,  are 
relatively  unexposed,  and  are  part  of  a  cometary  dust  trail.  Indeed, 
observations  of  a  meteor  storm  provide  unique  data  for  the  study  of 
cometary  dust  trails.  I  will  review  the  results  of  space  borne,  and 
ground-based  observing  efforts  during  the  previous  1997  Leonid 
return.  I  will  give  an  update  of  the  prospects  for  high  Leonid  rates  in 
the  next  1998  and  1999  returns.  In  addition,  I  will  outline  the 
observing  strategy  for  an  international  Leonid  multi- instrument  aircraft 
campaign  and  discuss  validation  efforts  that  have  been  made  thus  far. 
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DEVELOPMENT  OF  SMALL  SAMPLING  SYSTEMS  FOR  THE 
INVESTIGATION  OF  PLANETARY  SURFACES 

H.  Kochan  ( DLR,  Institute  for  Space  Simulation,  KOfn.  FRG),  B  Re, 
(Tecno$pa2to  S.p.A.,  Milano,  Italy),  A.  Nlsta  (T  ecnomare  S.p.A.,  Venezia, 
Italy),  A.  Brighenti  (Systems  &  Advanced  Technologies  Engineering, 
Venezia,  Italy),  P.  Coste  (ESA/ESTEC,  Structures  and  Mechanisms  Division 
(YMM),  Noordwijk- The  Netherlands),  T.Ylikorpi  (Vn  Automation  Space 
Technology,  Espoo.  Finland),  V.V.Gromov,  S,  Matrossov,  A.V.  Mitskevitch, 
E.N.Yudkin  (VNIITRANSMASH,  St. -Petersburg,  Russia) 

The  development  of  drill  bits  and  the  breadboard  model  of  a  small  sample 
acquisition  and  distribution  tool  (SSA/DT)  for  cometary,  Lunar  or  even 
Martian  application  as  result  of  an  ESA  technology-study,  is  presented.  The 
final  tests  were  performed  under  normal  and  space  simulated  environmental 
conditions  with  simulated  cometary,  Lunar  or  even  Martian  sample  material. 
The  presentation  will  also  deal  with  the  ‘mobile  penetrometer,  a  small 
cylindrical  body,  for  deeper  sub-surface  Investigation.  This  penetrometer, 
2cm  In  diameter  and  around  32cm  in  length  was  also  developed  for  space 
mission  applications. 

The  Intrusion  of  this  penetrometer  Into  cometary  analogous  ice  was 
successfully  tested  at  liquid  nitrogen  temperature  (77K)  and  vacuum  in  the 
Planetary  Simulation  Facility  of  DLR  KOIn. 


LOW- VELOCITY  IMPACT  STUDIES  FOR  THE  ROSETTA  MISSION 

Detlef  Koschnv.  Gerhard  Schwehm,  ESA/ESTEC,  Noordwijk,  The  Netherlands, 
and  Martin  Rott,  Fachbereich  Raumfahrt,  TU  Munich,  Germany 
dkoschny@estec.esa.nl,  gschwehm@estec.esa.nl,  m.rott@lrt.mw.tu- 
muenchen.de 

The  Rosetta  Spacecraft,  to  be  launched  in  2003,  will  rendezvous  with  comet 
P/Wirtanen  in  201 1  and  accompany  it  for  at  least  one  year  in  close  distance  on 
the  order  of  several  cometary  radii.  It  is  expected  that  the  dust  ejected  from  the 
comet  will  impact  the  spacecraft  and  either  stick  to  the  surfaces  exposed  to 
cometary  dust  or  change  their  properties.  To  access  the  influence  of  the 
particles  on  the  spacecraft,  we  perform  impact  experiments  with  a  coil 
accelerator  at  the  Fachbereich  Raumfahrttechnik  of  the  TU  Munich.  Projectile 
size  ranges  are  0.1  mm  to  2  mm  in  diameter,  projectile  velocities  are  between 
about  20  and  200  m/s.  Projectile  materials  are  glass,  ice,  and  fluffy 
agglomerates,  target  materials  are  aluminum,  MLI,  and  optical  materials.  This 
presentation  will  give  first  results  of  these  experiments. 


HYDROCARBON  SYNTHESIS  IN  COMETARY  GRAINS 
J.  Llorca 

Institut  d’Estudis  Espacials  de  Catalunya.  Gran  Capita  2-4.  08034  Barcelona, 
Spain.  Also:  Dept.  Inorganic  Chemistry,  University  of  Barcelona. 
jllorcaOkripto.qui.ub.e3/Fax:  [+34]  3-2806395 

Chondritic  porous  interplanetary  dust  particles  (CP  IDPs)  collected  in  the 
stratosphere  are  traditionally  associated  with  coraetary  dust.  They  contain 
FeNi  carbides  and  carbonaceous  rims  on  grains.  We  have  carried  out  labora¬ 
tory  studies  in  order  to  simulate  the  interaction  between  FeNi  metal  particles 
and  a  nebular-type  gas  phase  under  experimental  conditions  presumed  for  IDP 
formation.  Carbide  formation  is  experimentally  found  to  be  accompanied  by 
the  simultaneous  synthesis  of  organic  compounds  and  non-graphitic  carbon  de¬ 
position.  Both  saturated  and  insaturated  hydrocarbons  and  sulfur-containing 
molecules  are  formed.  These  results  strongly  support  the  idea  that  gas-solid 
reactions  in  the  solar  nebula  represent  a  plausible  scenario  for  the  formation 
of  organic  compounds  as  well  as  carbonaceous  materials  in  comets.  Carbon 
deposits  and  carbides  are  similar  in  nature  to  those  reported  in  CP  IDPs.  In 
order  to  test  that  organic  molecules  in  comets  might  be  produced  by  such  a 
mechanism,  a  more  detailed  knowledge  of  the  chemical  distribution  of  hydro¬ 
carbons  in  comets  obtained  by  direct  analysis  -in  order  to  avoid  fractionation 
and  transformation  reactions  of  parent  molecules-  would  be  highly  desirable. 
The  Rosetta  mission  thus  appears  to  be  an  excellent  opportunity  for  this  pur¬ 
pose,  since  it  is  intended  to  provide,  for  the  first  time,  in  situ  analysis  of  organic 
pristine  material  in  comets. 


DIELECTRIC  PROPERTIES  OF  WATER- AMMONIA  ICE  MIX¬ 
TURES 

R.  D.  Lorenz,  (  Lunar  and  Planetary  Lab,  University  of  Arizona,  Tucson,  AZ 
85721,  USA) 

I  report  preliminary  measurements  of  the  complex  permittivity  of  frozen  water- 
ammonia  solutions  (0-30%  NH3)  at  liquid  nitrogen  temperatures  (77K).  A  lit¬ 
erature  search  has  revealed  to  date  only  measurements  of  pure  ice  at  these  tem¬ 
peratures,  although  Thompson  and  Squyres  (Jcarus, 86  :  336-354)  have  made 
theoretical  predictions.  Measurements  were  made  at  0.3-1  MHz  using  a  HP 
5371  network  analyzer  (complex  permittivity)  and  near-DC  conditions  (real 
part  only)  using  a  capacitance  meter.  .  Ammonia-rich  solutions,  which  are  the 
most  likely  cryolava  composition  in  the  Saturnian  and  Uranian  systems  (owing 
to  the  freezing  point  depression  by  ammonia  -  the  peritectic  composition  of 
~  30%  NH3  has  a  freezing  point  of  176K),  have  significantly  higher  dielectric 
constants  and  loss  tangents  than  pure  water  ice.  These  results  have  application 
to  interpretation  of  the  planned  observations  of  the  Saturnian  satellites  by  the 
radar  instrument  aboard  Cassini  and  may  in  part  explain  the  low  radar  croes 
section  and  polarization  behaviour  of  Titan,  which  resembles  an  icy  surface  in 
the  near-IR,  yet  has  the  radar  signature  of  a  rocky  body  (Lorenz  and  Lunine, 
Planet.  Space  Sci.  45  :  981-992). 


NATURE  OF  ICE  AND  NON-ICE  CONSTITUENTS  OF  THE  SURFACES  OF 
THE  ICY  GALILEAN  SATELLITES 

T.B.  McCord,  G.B.  Hansen,  F.P.  Fanale,  J.C.  Granahan,  P.D.  Marlin,  C.A.  Hibbitts, 
(Hawaii  Inst.  Geophys.  &  Planet,  U.  Hawaii,  Honolulu,  HI  96822),  R.W.  Carlson, 
W.D.  Smythe,  D.L.  Matson,  T.V.  Johnson  (Jet  Propulsion  Lab.),  and  the  NIMS  Team. 

The  Near  Infrared  Mapping  Spectrometer  (NIMS)  on  the  Galileo  Mission  has 
produced  reflectance  spectra  and  spectral  maps  for  the  spectral  range  0.7  to  5.2  Am 
with  up  to  408  spectral  channels  for  hemispheric  regions  at  10s- 100s  km  resolution 
and  for  smaller  regions  at  >  1  km  resolution.  We  present  an  update  on  the  recent 
discovery  of  C02,  S02,  CN  and  CH  in  the  surface  materials  of  Callisto  and  Ganymede 
using  the  NIMS  reflectance  spectra  Interpretation  of  data  from  the  first  three  orbits 
suggested  the  presence  of  these  materials  (McCord,  et  al.,  Science,  278,  271-275, 
1997).  Subsequent  analysis  confirms  these  spectral  signatures  and  better-iilustrates  the 
correlation  of  the  distribution  of  these  materials  on  the  icy  satellites  with  features 
revealed  by  the  SSI  imaging  system.  Further,  these  spectral  signatures  are  noted  to  be 
similar  to  those  seen  in  ISO  spectra  of  interstellar  ices  (Whitten,  et  al.,  1997).  Analysis 
of  the  ice  spectra  in  the  3-5  Am  region  suggests  that  the  ice  is  mostly  crystalline  on 
Callisto  and  Ganymede,  but  mostly  of  disordered  crystal  structure  on  Europa. 
Hydrated  minerals  were  known  to  compose  significant  amounts  of  the  surface 
materials  of  Callisto,  Ganymede  and  Europa  from  groundbased  telescopic 
observations,  but  their  identities  were  not  determined.  Our  recent  analysis  of  NIMS 
Europa  spectra  indicates  that  heavily  hydrated  salt  minerals,  probably  magnesium 
sulfates,  are  a  significant  constituents  of  the  darker  areas.  These  materials  are  usually 
formed  by  evaporation  of  brines,  which  suggests  that  liquid  water  rich  in  dissolved 
salts  were  ejected  recently  onto  the  surface  of  Europa,  perhaps  from  a  liquid  ocean 
beneath  an  ice  crust. 


SPECTRAL  ESTIMATIONS  OF  ASTEROID  MINERAL  COMPOSITIONS: 
EFFECTS  OF  SPECTRALLY  NEUTRAL  COMPONENTS 

L.  Moroz  fl).  G.  Arnold  (1),  R.  Wasch  (1)  and  C.  Pieters  (2) 

(1)  DLR  Institute  of  Planetary  Exploration,  Berlin,  (2)  Dept,  of  Geo!.  Sciences, 
Brown  Univ.,  Providence,  USA 

E-mail:  moroz®  terra.pe.ba.dlr.de/ Fax:  +49-30-67055306 

Olivines  and  pyroxenes  are  important  constituents  of  the  small  bodies  of  the  Solar 
System,  such  as  asteroids,  comets,  the  Moon.  The  laboratory  studies  of  meteorites 
and  spectrophotometric  observations  of  the  small  bodies  show  that  in  many 
assemblages  both  of  these  minerals  are  present.  In  particular,  the  near-infrared 
reflectance  spectra  of  S-type  asteroids  display  absorption  features  attributable  to 
both  olivine  and  pyroxene,  although  these  absorption  signatures  are  somewhat 
subdues  due  to  the  presence  of  other  components,  e.g.,  metal  iron,  sulfides.  Since 
these  additional  components  are  lacking  of  absorption  bands  in  the  near-infrared, 
they  have  been  neglected  when  interpreting  remote  sensing  data.  For  example,  the 
interpretation  technique  developed  by  Cloutis  et  al.  (1986)  for  binary  olivine- 
orthopyroxene  mixtures  is  widely  used  to  estimate  relative  proportions  of  these  two 
minerals  in  multi-component  asteroid  assemblages,  since  all  other  components  are 
considered  as  spectrally  neutral  and  hence  should  not  affect  the  ratio  of  intensities 
of  orthopyroxene  and  olivine  absorption  features.  Our  laboratory  spectral 
reflectance  studies  of  powdered  ternary  mixtures  of  olivine,  orthopyroxene  and 
“spectrally  neutral”  materials  (sulfide,  plagioclase,  glasses)  demonstrate,  that  a 
complete  disregard  of  neutral  components  may  result  in  the  underestimation  of 
orthopyroxene  content  in  the  regoliths. 


C  1023 


PS7 


ISO  AND  GROUND-BASED  OBSERVATIONS  OF  TITAN 
IN  NEAR-IR  WINDOWS  AT  2.7  AND  5  MICRONS 

X-CHygn  (1),  C.  Griffith  (2),  A.  Coustenis  (3),  T.  Encrenaz 
(3),  T.  Geballe  (4),  B.  Han  (1) 

(1)  University  of  Hawaii,  Honolulu,  Hawaii, 
owen@ifa.hawaii.edu /FAX  808-956-9580,  (2)  Northern 
Arizona  State  University,  Flagstaff,  Arizona,  (3)  Paris 
Observatory,  Meudon,  France,  (4)  Joint  Astronomy  Centre, 
Hilo,  Hawaii 

It  has  been  known  for  some  time  that  it  is  possible  to 
sense  the  lower  atmosphere  and  surface  of  Titan  at 
selected  wavelengths  in  the  near  -  IR  known  as  windows. 
We  have  made  new  observations  through  two  of  these 
windows,  using  ISO  and  the  United  Kingdom  Infrared 
Teles  cope.  We  find  that  the  well-known  hemispheric 
asymmetry  disappears  at  wavelengths,  providing  a  new 
constraint  on  the  possible  composition  of  surface 
materials.  The  use  of  the  5  micron  window  to  determine 
the  atmospheric  value  of  CO  and  the  2.7  micron  window 
to  search  for  signs  of  cloud  systems  will  be  discussed. 


INFRARED  REFLECTANCE  SPECTRA  OF  MARTIAN  ANALOGUES 

.E.  Palomba  (1),  L.CoIangeli  (1),  F.  Esposito  (1),  V.  Mennella  (1),  A.  Rotundi  (2) 
and  E.Bussoletti  (2) 

(1)  OssefVatorio  Astronomico  di  Capodimonte,  Napoli,  (2)  Istituto  di  Fisica 
Sperimentale,  Istituto  Universitario  Navale,  Napoli 

Present  and  future  space  missions  to  Mars  include  spectroscopic  observations  in 
the  infrared  from  which  an  important  improvement  in  our  knowledge  about 
atmosphere  and  surface  composition  is  expected.  A  fruitful  exploiting  of  the  wealth 
of  data  that  in  situ  observations  will  provide  cannot  be  performed  without  a  careful 
characterisation  of  materials  in  the  laboratory.  In  particular,  it  is  rather  important 
to  study  the  optical  properties  of  compounds  which  are  considered  candidate  to 
simulate  both  the  surface  regolith  and  the  atmospheric  dust.  Materials  considered 
in  the  present  work  are  calcite,  montmorrillonite,  palagonite  and  andesite.  Raw 
materials  have  been  ground  and  selected  in  different  calibrated  size  ranges  in 
order  to  correlate  spectral  observations  with  morphology.  Spectral  measurement  have 
been  performed  on  the  .samples  both  in  specular  and  in  diffuse  reflectance. 
Transmittance  measurements  have  been  also  obtained.  By  applying  a  Lorentz 
oscillator  model  the  optical  constants  have  been  retrieved  from  specular  reflectance 
data.  The  set  of  spectroscopic  results  forms  a  reference  frame  useful  to  obtain 
quantitative  information  from  Mars  observations  once  used  in  appropriate  radiation 
transfer  models. 


RADAR  SUBSURFACE  SOUNDING  IN  THE  MARS  EXPRESS  2003  MISSION 

G.  Picardi  (I),  R.  Seu  (l),  S.  Sorge(l),  C.  Federico  (2),  ROrosci  (2) 

(1)  Info-Corn  Dept,  University  of  Rome  "La  Sapienza”,  Via  Eudossiana  18,  00184 
Rome,  Italy 

(2)  IAS/CNR  -  Reparto  di  Planetologia  -  Via  del!'  Universita',1 1, 00185  Rome  -  Italy 

The  papeT  deals  with  the  EAf, 'Modeling  of  Mars  surface  and  subsurface,  as  observed 
by  an  orbital  n  V  sounder,  like  the  Subsurface  Sounding  Radar  Altimeter  (S.S.R.A), 
which  has  been  'indicated  as  a  very  important  feature  to  be  offered  by  the  payload  of 
the  ESA  Mars  Express  2003  mission.  The  main  objective  of  Mars  subsurface  sounding 
is  the  determination  of  the  presence  of  H20,  either  liquid  or  solid,  in  the  martian 
regolith:  this  will  be  accomplished  by  mapping  the  presence  of  subsurface 
discontinuities  over  the  surface  of  the  planet,  and  studying  the  correlation  of  the 
discontinuities  with  depth,  latitude,  surface  topography  and  local  geologic  formations. 
Since  the  radar  sounder  is  expected  to  work  down  to  depths  of  some  5  Km,  and 
making  reasonable  assumptions  on  the  materials  which  constitute  the  interior  of  the 
planet,  a  very  low  sounding  frequency  must  be  used  in  order  to  minimize  the 
absorption  due  to  the  lossy  medium  between  the  surface  and  subsurface  layers.  As  a 
matter  of  fact  a  preliminary  analysis,  shortly  discussed  in  the  paper,  has  led  to 
frequencies  of  a  few  MHz.  In  order  to  optimize  the  system  parameters  and  evaluate  the 
performance,  in  terms  of  detection  of  the  subsurface  layer,  surface  scattering  models 
valid  for  such  low  frequencies  must  be  carefully  studied:  a  two  scale  surface  model 
will  be  proposed  in  the  paper  for  the  application  in  the  Mars  Express  2003  radar 
sounder  design.  By  means  of  this  model  it  will  be  possible  to  evaluate  the  surface  to 
subsurface  power  ratio  as  the  sounding  depth  increases,  and  to  state  the  maximum 
depth  at  which  the  subsurface  echo  is  still  detectable.  A  description  of  the  models  used 
for  surface  and  subsurface  scattering  prediction,  as  well  as  first  results  on  the  expected 
performance  under  various  operative  conditions  will  be  included  in  the  paper. 


Possibility  of  relict  organic  pigments  detection  on  Mars  surface 
from  tb«  Earth,  Orbiter  or  Lander 
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technique.  It  is  well  known  that  the  organic  pigments  and  components  has  a  strong 
fluorescence  in  visible  spectrum  under  the  laser  and  solar  ultraviolet  extortion,  The 
principal  finding  was  that  ancient-relict  organic  pigments  which  were  conserved 
inside  the  crystals  of  the  surface  minerals  demonstrated  the  strong  fluorescence 
after  heating  under  650°C  for  2  hours.  The  success  of  the  Earth  spacebome 
radiance-ratio  method  for  estimating  oceanic  chlorophyll  concetrafion  permit 
studies  of  the  variability  of  Mars  surface  color  spectral  radiance  by  using  of  solar- 
induced  spectra.  Fortunately  the  low  Martian  atmospheric  density  during  the  clear 
phase  avoids  the  problem  of  the  sky  radiance  variations  and  contribution  due  to 
Rayleigh  scatter  will  be  neglected.  In  comparison  with  Earth  the  low  ozone 
concentration  produced  a  strong  effect  to  Mars  urftce  and  extortion  fluorescence 
spectrum  by  hard  ultraviolet  (down  300nm).  So,  bond  combinations  and  visible-red 
(near  700 nm)  ratio  for  normalizing  to  the  surfoce  albedo  showed  considerable 
promise  for  satisfactory  relict  organic  pigments  detection  and  2-D  mapping  by 
using  color  Mars  images  from  the  Earth,  Orbiter  or  Lander  from  the  old  and  future 
missions  The  Moon  images  may  be  used  for  testing. 


Lidar  technique  for  organic  pigments  determination  in  planetary 
surface 

S  M.  tesfrW).  AF.  BunkinO),  M.P,  Kdesnikw(l)  andRA  Nunes(2) 

(l)Russian  Academy  of  Sciences,  (2)Pontifical  Catholic  Umv,  of  Rio  de  Janeiro 
spershm^vmcom.lz.space.ni/Fax:  +07-095-310-7023 

The  need  to  determine  of  the  organic  (relict)  components  on  Mars/Earth  surface 
over  large  areas  has  led  to  recent  developments  of  the  Lidar  remote  technique  from 
the  moving  platforms;  helicopter  or  lander.  The  attempt  of  the  plasma  creation  by 
laser  beam  on  the  Photos  sorfece  (LIMA-D)  and  Mars  Orbiter  Laser  Alii  meter 
(MOLA-92)  indicates  on  possibility  to  use  Lidar  technique  from  the  fiateUite-ortwter 
too.  Wc  used  fluorescence  Lidar  based  on  the  third  (355nm)  harmonic  of  the 
Nd*:YAG  pulsed  laser  and  studied  many  samples  of  soils,  minerals,  leafs  and  sea¬ 
water.  The  fluorescence  spectra  in  the  Wue-grccn-rcd  range  were  recorded  by 
cooling  CCD  array  with  the  gating  light  intensifies  Green  fluorescence  may  be 
ascribed  to  such  organic  components  as  polynuclear  hydroxyquinone  of  micrafugal 
origin;  orange  and  red  band  -  phycocyauin  and  phycoerythrin  from  blue-green  alga 
and  red  emission  from  chtorophyi-typc  pigments  After  heating  of  the  soil  samples 
(650°C,  2  hours)  the  fluorescence  spectra  changed  dramatically  and  corresponds  to 
the  spectra  of  the  background  mineral.  The  difference  of  this  spectra  is  proportional 
to  the  moving  organic  matter  inside  the  soil  and  correlates  with  its  productivity.  We 
observed  the  strong  difference  between  fluorescence  spectra  of  the  ancient  fern-like 
footprint  on  the  stone  and  clear  stone  surface  It  permits  us  to  detea  a  relict  organic 
pigments  in  the  Mars  surface  by  bdar  remote  technique  from  the  oibiter/Iander. 


THE  BEAGLE  LANDER  FOR  MARS  EXPRESS 
C.T.  Pillinger  (1)  and  M.R.  Sims  (2) 

(1)  Planetary  Sciences  Research  Institute,  The  Open  University,  Milton  Keynes, 
MK7  6AA  United  Kingdom,  (2)  Department  of  Physics,  University  of  Leicester, 
Leicester,  United  Kingdom,  LEI  7RH. 
psriCopen.ac.uk 

The  E.S.A  Mars  Express  Mission  to  be  launched  in  mid  2003  is  to  carry  a 
variety  of  orbiting  and  landing  experiments.  One  of  the  landers,  named  Beagle 
2,  is  to  be  primarily  dedicated  to  the  investigation  of  whether  Mars  once  sup¬ 
ported  life  and  to  establish  the  nature  of  environmental  conditions  below  the 
surface.  The  approximately  90kg  space  craft  will  carry  a  mini  rover  equipped 
with  a  sub-surface  mole  sampling  device  with  a  view  to  retrieving  specimens 
which  can  be  analysed  for  element  abundance,  isotopic  composition,  mineral¬ 
ogy  and  oxidation  state.  Any  surviving  organic  matter  will  be  characterised  by 
appropriate  technologies  and  the  presence  of  water  in  sheltered  localities  will  be 
investigated.  The  analysis  systems  will  be  capable  of  considering  the  make  up 
of  the  atmosphere,  especially  in  respect  of  trace  constituents  and  will  evaluate 
how  this  changes  with  time  during  the  mission. 

The  Beagle  2  Team  is  made  up  of  scientists  from  Germany,  France,  Holland 
and  UK  -  whose  help  is  gratefully  acknowledged. 
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LABORATORY  SIMULATIONS  OF  SURFACE  REACTIONS  OC¬ 
CURRING  IN  SPACE 

V.  Pirronello  (1),  0.  Biham  (2)  and  G.  Vidali  (3) 
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Sophisticated  chemical  models  have  been  built  by  theoretical  astrochemists 
for  interstellar  clouds  in  both  static  and  dinamically  evolving  stages.  Among 
the  other  input  parameters  to  be  used  in  such  models,  very  relevant  are  data 
relative  to  the  reaction  rates  between  considered  species.  Whenever  possible,  of 
course,  experimental  results  have  to  be  preferred.  This  has,  in  fact,  been  usually 
done  for  gas  phase  reactions  and  recently  also  in  dense  clouds  for  UV  photon 
induced  reactions  in  icy  mantles.  Unfortunately  up  to  now  laboratory  data  on 
chemical  reactions  occurring  on  the  surface  of  dust  grains,  that  in  the  extreme 
physical  conditions  encountered  in  interstellar  clouds  may  act  as  catalysts,  have 
not  been  included  because  of  the  almost  total  absence  (lasting  until  not  too 
long  ago)  of  experimental  simulations,  performed  in  conditions  and  on  surfaces 
that  closely  resemble  interstellar  ones.  These  reactions  are  by  the  way  of  not 
negligible  importance;  they  may  have,  in  fact,  great  impact  on  the  chemical 
evolution  of  clouds,  or  at  least  on  timescales,  as  the  case  of  molecular  hydrogen 
formation  shows  clearly.  In  this  paper  are  reviewed  experimental  efforts  and 
results  obtained  in  this  rapidly  evolving  field. 


ICES  IN  THE  SOLAR  SYSTEM 
B.  Schmitt  (1),  S.  Doute  (1)  and  E.  Quirico  (2) 

(1)  LGGE-CNRS,  F-38402  Saint  Martin  d’Heres,  France,  (2)  IAS,  Orsay, 
France. 
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Moderately-to-highly  volatile  molecules  such  as  H2O,  NH3,  S02,  C02,  CH4, 
CO,  and  N2  are  present  as  ices  in  the  solar  system  and  represent  a  large  fraction 
of  its  mass.  Recent  ground-based  investigations  and  space  missions  (Voyagers, 
Giotto,  Galileo,  ISO)  have  provided  a  wealth  of  new  and  high  quality  informa¬ 
tion  on  the  composition,  surface  morphology  and  physical  properties  of  solar 
system  planetary  surfaces.  Future  space  missions  (Cassini-Huygens,  Rosetta, 
Mars  missions,  Fast  Pluto  Flyby, ...)  will  further  improve  the  spectral  and  spa¬ 
tial  resolution  of  these  data.  The  surface  and  atmospheric  particles  composition 
and  properties  of  the  icy  objects  (Mars,  some  satellites  of  Jupiter,  Saturn  and 
Uranus,  Triton,  Pluto  and  Charon,  the  outer  planets’  rings,  and  comets)  be¬ 
ing  largely  deduced  from  UV-to-IR  spectroscopy  and  photometry,  we  will  first 
provide  an  overview  of  the  existing  observations.  We  will  then  review  some 
recent  laboratory  measurements  of  the  spectroscopic  properties  of  ices  as  well 
as  new  numerical  models  developed  for  the  analysis  of  high  resolution  spectra 
and  spectro-images.  Finally  we  will  illustrate  the  use  of  these  data  and  models 
and  their  potentiality  with  the  interpretations  of  several  recent  observations. 


C0/C02  MOLECULAR  NUMBER  RATIO  PRODUCED 
BY  ION  IRRADIATION  OF  ICES 

M.A.  Satorre 

(Departimento  Fisica  Aplicada  EPS  A,  Esquela  Politecnica  Superior 
Alcoi,  Alicante,  Spain) 

G.A.  Baratta,  A.C.  Castorina,  M.E.  Palumbo,  G.  Strazzulla 
(Osservatorio  Astrofisico  di  Catania,  V.le  A.  Doria  6,  1-95125  Cata¬ 
nia,  Italy) 

Ion  irradiation  of  ice  mixtures  produces  several  effects  among  which 
the  production  of  other  species  not  present  in  the  original  target. 
We  have  studied,  by  infrared  absorption  spectroscopy,  the  forma¬ 
tion  of  carbon  mono  (CO)  and  di-oxide  (C02)  after  ion  irradiation 
of  astrophysically  relevant  ice  mixtures.  Non-polar  mixtures  con¬ 
taining  CO,  N2,  02,  and  C02  have  been  irradiated  as  well  as  polar 
mixtures  containing  H20,  CH3OH,  CH4,  and  NH3.  We  have  evalu¬ 
ated  the  molecular  number  ratio  C0/C02  as  a  function  of  the  irra¬ 
diated  mixture,  irradiation  dose  and  temperature.  The  comparison 
of  the  laboratory  results  with  the  finding  from  ISO  observations 
would  be  very  usefull  to  understand  the  formation  process  and  evo¬ 
lutive  scenario  of  CO  and  C02  frozen  on  interstellar  ice  mantles. 


MEASUREMENTS  OF  METEOROIDS  AND  DEBRIS  FROM 
GEOSTATIONARY  ORBIT  BY  THE  GORID  EXPERIMENT 
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A  full  year  of  data  has  now  been  collected  in  the  geostationary  orbit  by  the  meteoroid 
and  debris  detector  GORID  on  the  Russian  Express  II  satellite.  A  large  number  of 
events  has  been  registered  and  analysis  of  the  data  is  proceeding.  Preliminary  analysis 
has  shown  a  number  of  occasions  with  clustered  events  that  are  very  likely  to  be  real 
particle  impacts.  Some  of  these  seem  to  occur  at  n:m  resonance,  where  n>l  is  the 
number  of  full  orbits  of  the  satellite  and  m  is  the  number  of  orbits  of  the  clustered 
particles.  This  indicates  that  the  clusters  are  fairly  recent.  At  other  times/positions 
events  are  registered  at  every  orbit  (n=3D  I).  These  events  could  be  related  to  particles 
that  have  been  orbiting  the  earth  for  a  longer  time.  Another  interesting  but  not  yet 
fully  explained  observation  is  the  high  electrical  negative  charge  that  is  found  on 
many  of  the  particles  detected  during  local  night  time.  These  particles  would  need  to 
be  fairly  large  and  slow  to  give  results  like  these  if  one  considers  the  plasma 
environment  and  the  detector  Sensitivity. 


NIR  REFLECTANCE  SPECTROSCOPY  OF  Ca-  AND  Fe-RICH 
CLINOPYROXENES:  RELATIONSHIP  BETWEEN  SPECTRAL 
FEATURES  AND  CHEMISTRY 

U.  Schade  and  R.  Wasch 
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Pyroxenes  are  ferromagnesian  sillicate  minerals  which  can  be  found  in  primary 
igneous  rocks.  They  are  abundant  in  the  upper  crust  and  on  the  surface  of  terrestrial 
planets  as  well  as  on  asteroids  and  in  most  of  the  meteorites.  Pyroxenes  show  a 
broad  variety  of  ionic  substitutes  depending  on  the  petrogeny.  Therefore,  the 
investigation  of  the  chemistry  and  of  the  mineralogy  of  pyroxenes  are  not  only 
essential  in  determining  the  genesis  of  the  pyroxene  bearing  rocks  but  also 
important  for  the  genesis  of  the  upper  planetaiy  crust.  Pyroxenes  as  major  mineral 
phases  in  basaltic  rocks  on  surfaces  of  terrestrial  planets  have  spectral  features  in  the 
1  pm  and  2  pm  region  of  their  NIR  spectra  due  to  the  ferrous  crystal  field 
absorption.  These  bands  are  diagnostic  for  the  mineralogica!  investigation  by  means 
of  remote-sensed  reflectance  spectroscopy.  The  position  of  the  absorption  bands 
enables  the  spectroscopic  distinction  between  orthorhombic  and  monoclinic 
pyroxenes  and  hence  the  evaluation  of  the  Ca/Fe  composition  of  the  relevpt 
pyroxene.  However,  for  clinopyroxenes  with  a  high  abundance  of  iron  and  a  high 
portion  of  calcium  the  spectra  become  more  complex  in  the  NIR  region.  This  paper 
reports  on  the  reflectance  spectra  of  different  sets  of  ferroaugite,  salite  and 
hedenbergite  with  different  content  of  Ca  and  Fe  and  tempts  to  describe  influence  of 
the  chemical  composition  on  the  spectral  features.  Such  laboratory  investigation  of 
pyroxenes  may  help  in  discussing  remote  sensing-data  of  planetary  surfaces,  for 
instance  of  Mars. 


GRAIN  FORMATION  IN  EJECTA  OF  SUPER  NOVA:  THE  EF¬ 
FECT  DUE  TO  THE  RADIATION 
Kyoko  K.  Tanaka,  Hidekazu  Tanaka  and  Kiyoshi  Nakazawa 
Department  of  Earth  and  Planetary  Sciences,  Tokyo  Institute  of  Technology, 
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Formation  of  dust  grains  in  the  ejecta  of  supernovae  was  investigated  on  the 
basis  of  a  theory  of  homogeneous  nucleation  and  grain  growth  by  Kozasa  et  al. 
(1989a, b,  1991).  According  to  the  comparison  their  results  with  the  observed 
luminosity  of  SN  1987 A,  it  is  difficult  to  explain  the  observation  without  in¬ 
troducing  some  parameters  which  determine  the  condensation  efficiency  and 
the  concentrations  of  grains  in  the  ejecta.  In  the  theory  of  nucleation  adopted 
by  them,  the  effect  of  radiation  was  not  taken  into  account.  In  this  study,  we 
develop  the  nucleation  theory  taking  into  account  the  effect  of  the  radiation 
and  investigated  the  grain  formation  in  the  ejecta  of  supernovae.  The  time  of 
the  grain  formation  and  the  size  of  created  grains  strongly  depend  on  the  tem¬ 
perature  structure  and  the  thermal  structure  and  evolution  of  the  ejecta:  the 
time  of  grain  formation  is  retarded  by  the  radiative  field  of  supernovae.  The 
nucleation  theory  taking  into  account  the  radiation  would  be  useful  to  another 
astrophysical  environments,  e.g.,  stars  with  mass  loss,  protoplanetary  nebula, 
and  the  vapor  formed  by  collision  between  planetesimals. 
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NIR  REFLECTANCE  SPECTROSCOPY  OF  PYROXENES: 
FERROAUGITES;  SAUTES;  HEDENBERGITES 
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Pyroxenes  are  among  the  most  ubiquitous  minerals  present  on  the  surfaces 
of  the  terrestrial  planets,  most  asteroids  and  meteorites.  Because  IR 
spectroscopic  remote  sensing  is  one  of  the  most  used  techniques  to 
investigate  the  compositional  properties  of  planetary  surfaces,  it  is  important 
that  the  spectral  properties  of  the  main  mineral  phases  be  well  understood. 
The  NIR  spectra  of  the  pyroxenes  are  mainly  characterized  by  the  1pm-  and 
2pm  signatures.  Their  wavelength  positions  depend  stronly  on  the  chemical 
composition  of  these  phases  and  is,  on  the  whole,  well  known  in  the  case  of 
the  ortho-  and  clinopyroxenes  which  are  the  most  significant  ones  in 
planetary  volcanics.  However,  moving  to  ferroaugitic,  salitic,  and 
hedenbergitic  compositions  the  character  of  the  spectra  changes  drastically. 
Thus,  the  1pm  signatures  become  more  and  more  complex  and  the  2pm 
signatures  diminish  or  disappear  completely.  It  appears  that  there  are 
.ferroaugitic*1,  .salitic",  .hedenbergitic"  spectra  which  are  different  from  each 
other.  The  reason  for  these  spectroscopic  differences  might  be  caused, 
above  all,  by  variable  oxidation  states  of.these  pyroxenes  and,  therefore,  by 
variable  portions  of  ferrous  and  ferric  iron. 


POLARIMETRIC  MEASUREMENTS  OF  SCATTERED  LIGHT  BY  DUST 
GRAINS  IN  MICROGRAVITY  CONDITIONS  (PROGRA2  EXPERIMENT) 
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The  PROGRA2  experiment  was  designed  in  1994  to  study  the  degree  of 
polarization  of  the  light  scattered  by  irregular  dust  particles  in  microgravity 
conditions.  This  instrument  has  successfully  flown  on  8  parabolic  flight 
campaigns,  yielding  14  polarimetric  phase  functions  of  various  samples  for 
the  first  7  campaigns  (7  additionnal  curves  are  expected  for  the  last 
campaign).  Certain  physical  properties  of  the  grains  are  linked  to  specific 
parameters  of  these  curves.  Results  from  the  May  97  campaign  on  the 
CNES  A300  Airbus  will  be  presented.  A  major  improvment  of  the 
instrument  was  implemented  during  the  last  campaign  with  the  introduction 
of  a  digital  video  camera  system  to  follow  the  movement  of  the  dust 
particles  with  a  sufficient  resolution,  to  determine  whether  single  particles 
or  aggregates  are  present,  and  to  measure  their  number  density.  The 
influence  on  these  polarimetric  parameters  of  number  density  and  size 
distribution  for  three  sample  types  are  our  present  goal. 
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ON  THE  SOLAR  MODULATION  OF  COSMOGENIC 
RADIOISOTOPES  IN  METEORITES  OVER  THE  LAST  TWO 
CENTURIES 
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Production  of  cosmogenic  isotopes  in  meteorites  depends  on  the  galactic  cosmic  ray 
(GCR)  flux,  which  is  controlled  by  solar  activity.  The  most  suitable  radionuclides  in 
meteorites  for  the  investigation  on  the  heliospheric  modulation  of  GCR  for  the  11 
year  solar  cycle  are  MMn  and  “Na.  We  measured  in  our  Laboratory  the  y  -  activity  of 
three  fresh  fall  meteorites  during  solar  cycle  22  (1986-1996):  Torino  (1988)  which 
contained  the  effects  of  the  minimum  of  solar  activity;  Mbale  (1992)  containing  the 
effects  of  the  maximum;  Fermo  (1996)  which  has  imprinted  the  effects  of  the 
decreasing  phase.  The  difference  from  maxima  to  minima  for  both  *Mn  and  sNa  is 
-20%  as  expected  on  the  basis  of  model  calculations.  Cosmogenic  **Ti  is  the  only 
radionuclide  in  meteorites  suited  for  inferring  the  century  scale  variation  of  the  GCR 
and  consequently  the  long  term  behaviour  of  the  heliospheric  magnetic  field.  We 
measured  die  ^i  activity  of  13  chondrites  which  fell  in  the  interval  1840-1996.  The 
trend  of  ^i,  corrected  for  Fe+Ni  target  element  abundances,  agrees  with  the  expected 
one,  but  the  variations  are  4  times  higher  than  expected  from  the  modulation  dedboed 
solely  by  sunspot  numbers.  The  results  obtained  show  a  different  behaviour  of  the 
heliosphere  during  prolonged  solar  quiet  periods  such  as  at  the  turn  of  this  and  of  the 
past  century. 


EXCESS  53-Cr  IN  THE  PRIMITIVE  ACHONDRITE  DIVNOE. 

O.Bogdanovski  and  G.W.Lugmair  (Max-PIanck-Institut  f=FCr  Chemie,  Postfach 
3060,  D-55020  Mainz,  Germany) 

A.Shukolyukov  (Scripps  Inst,  of  Oceanography,  Univ.  of  California,  San  Diego,  La 
Jolla  CA  92093,  USA. 

The  53-Cr/52-Cr  isotope  ratios  and  Mn  and  Cr  concentrations  have  been  measured  in 
two  different  types  of  chromites  (coarse  Chr-1  and  fine  grained  Chr-2),  in 
orthopyroxene  (Opx)  and  in  olivine  (01).  All  studied  samples  show  excesses  of  53-Cr 
relative  to  the  terrestrial  value.  The  measured  53-Cr  excess  in  Chr-1  of  0.48  =Bi  0.06 
epsilon  units  (eu)  is  the  same  as  that  in  the  present  day  bulk  chondrites.  Ol,  with  a  high 
55-Mn/52-Cr  ratio  of  29.2,  shows  within  the  uncertainties  the  same  53-Cr  excess:  0.53 
-B  1  0.07  eu= .  The  53-Cr  excesses  in  Opx  and  Chr-2  are  also  the  same  (0.59  =B  1  0.05 
eu  and  0.59  =B1  0.07  eu,  respectively)  but  are  slightly  larger  than  those  in  Chr-1  and 
Ol.  It  is  possible  that  Chr-1,  Opx  and  Ol  have  been  formed  contemporaneously  in  an 
environment  with  a  chondritic  Mn/Cr  ratio  when  53-Mn  was  still  alive.  However,  due 
to  subsolidus  Cr  diffusion  in  an  environment  which  was  hot  for  a  prolonged  time,  Ol 
inherited  almost  all  its  Cr  from  Chr-1.  This  assumption  is  supported  by  the  fact  (Petaev 
et  al.  (1994))  that  olivine  which  is  in  contact  with  large  chromite  grains  shows 
tremendous  Cr  zoning,  with  Cr  content  decreasing  from  the  rim  (0.7%  Cr203)  to 
essentially  zero  at  the  core.  Chr-2  has  a  secondary  origin:  when  all  53-Mn  had 
decayed,  it  was  exsolved  from  Opx,  inheriting  its  C V  isotopic  signature  from  Opx. 


COSMOCHEMISTRY  OF  REDUCED  SILICON  IN  THE  SOLAR 
NEBULA  AND  PLANETARY  CORES 

I.  Casanova 

Institut  d’Estudis  Espacials.  Universitat  Politecnica  de  Catalunya.  Gran 
Capita,  2-4.  Barcelona  08034,  Spain. 
casanova®et seccpb.upc.es/Fax:  [34]  3-4011036 

Silicon,  a  dominantly  lithophile  element,  also  occurs  in  the  reduced  state  (Si0) 
forming  part  of  metallic  FeNi  alloys  in  meteorites  and,  most  probably,  terre- 
trial  planetary  cores.  In  meteorites,  the  presence  of  metallic  silicon  is  commonly 
interpreted  as  the  result  of  condensation  under  low-f02  conditions  in  the  solar 
nebula.  In  planetary  cores,  silicon  may  have  been  added  in  substantial  amounts 
to  the  sinking  metal  during  core  formation  at  temperatures  not  exceeding  those 
typical  of  protoplanetary  accretion,  under  solar-nebula  fC>2  values.  In  this  pa¬ 
per,  a  quantitative  model  and  experimental  results  accounting  for  the  distrib¬ 
ution  of  metallic  silicon  in  different  environments  are  presented.  Implications 
of  these  results  suggest  important  local  physical  (total  pressure)  and  chemi¬ 
cal  (oxygen  fugacity)  heterogeneities  in  the  solar  nebula,  as  well  as  a  strong 
argument  in  favor  of  silicon  being  the  dominant  light  element  in  the  Earth’s 
core. 
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THE  CHEMICAL  STATE  OF  CARBON  IN  THE  MURCHISON  METEORITE 


CORE-RIM  AND  RIM-MATRIX  RELATIONSHIPS  IN  INDIVIDUAL 
CHONDRULES  AS  INFERRED  -46ROM  THE  Sm-Nd  ISOTOPE  DATA. 


Yu.  P.  Dikov  (1),  L.N.  Mazalov  (2),  A.  V.  Okotrub  (2)  and  F.  Wlotzka  (3) 

(1)  IGEM,  RAS  Moscow  Russia,  (2)  Institute  of  Inorganic  Chemistry,  Siberian 
Branch  ofRAS,  Novosibirsk  Russia,  (3)  MPI  fur  Chemie,  Mainz  Germany 


N.  Krestina  and  E.  Jagoutz,  (Max-PIanck-Institut  f=FCr  Chemie,  Postfach  3060, 
D-55020  Mainz,  Germany) 

G.Kurat,  (Naturhistorisches  Museum,  Postfach  417,  A- 10 14  Vienna,  Austria) 


The  distribution  of  2p  valence  electrons  of  carbon  was  investigated  for  the 
carbonaceous  chondrite  (CM2)  Murchison  in  situ  (without  extraction). 
Simultaneously,  various  carbon  compounds  were  measured  for  comparison: 
graphite,  diamond  (including  nano-diamond),  fullerene  and  polymerized 
amorphous  fullerene.  Carbon  Ka  spectra  were  obtained  with  the  x-ray  spectrometer 
of  the  Institute  of  Inorganic  Chemistry  at  Novosibirsk  (energy  resolution  0.4  eV). 

The  low-energy  part  of  the  carbon  spectra  for  Murchison  (271.0  -  277.0  eV)  is 
identical  to  that  of  graphite,  but  the  short-wave  part  (278.0  -  282.0  ev)  is  more 
intensive  and  has  an  intermediate  position  between  fullerenes  and  graphite.  The 
short-wave  part  is  connected  with  transitions  from  n -levels. The  high  intensity  of 
this  part  of  the  spectrum  shows  the  presence  of  sp3 -hybridisations  for  carbon  in 
Murchison.  The  structure  of  the  short-wave  part  is  complicated  and  presents  the 
superposition  of  two  states  of  sp3  forms  of  carbon:  diamond  and  fullerene.  In 
general,  carbon  in  Murchison  is  a  mixture  of  sp2  and  sp3  forms  and  a  systematic 
investigation  of  the  valence  states  of  carbon  for  other  carbonaceous  meteorites  can 
be  useful  for  the  study  of  carbon  transformations  during  metamorphic  processes. 


Chondrules  are  believed  to  represent  some  of  the  most  primitive  material  in  the  Solar 
System.  Many  aspects  of  the  relationships  between  chondrules,  matrix  and  rim  are  still 
unclear  and  are  relevant  to  the  origin  of  these  major  components.  Numerous  studies  of 
individual  chondrules  have  shown  that  trace  element  abundances  can  vary  over  a  wide 
range  from  the  chondrule's  core  to  its  rim  and  from  the  rim  to  the  matrix.  The  purpose 
of  the  present  study  is  to  investigate  separately,  using  the  Sm-Nd^system,  the 
components  of  chondrules:  the  core  and  the  rim,  along  with  the  matrix  immediately 
surrounding  the  chondrule.  In  order  to  achieve  this  goal,  we  developed  a  special 
technique  of  chondrule  abrasion,  which  allows  one  to  separate  and  analyze  the  above 
components.  Thus  if  the  origin  of  matrix,  rim  and  chondrule,  can  be  cast  in  terms  of  a 
three  component  system,  we  could  solve  many  enigmas.  In  order  to  test  our  equipment 
we  processed  one  chondrule  from  Bjurb=F61e  (L/LL4)  chondrite.  The  initial  mass  of 
the  chondrule  was  16.32  mg=  The  isotopic  composition  of  Nd  varied  drastically  from 
the  rim  to  the  chondrule's  core  (eNd  =3D  -  3.7  and  eNd  =3D  +  15.4,  respectively). 
These  results  indicate  that  the  new  stepwise  abrasion  technique  is  very  useful  in 
investigating  the  composition  of  different  parts  of  chondrules.  The  procedural  blank  is 
low,  0.8  pg  for  Nd  and  less  than  0.2  pg  for  Sm. 


EEISIC  CONTINENTS  OP  MIES 

G. Kochemas ov , IGEM , 35  Staromonetny,Moscow  109017 


light  (not  dense  )continents-albitite ,  syenite ,  gr¬ 
anite -were  predicted  as  a  consequence  of  the 
regular  wave  planetary  tectonics  at  the  XXII 
EGS  Assembly  (Ann  *Geoph,  ,Suppl.III  to  v.15iPt<>3* 
p.767)  .The  Sojourner  APX-spectrometer  dat  a  (In¬ 
ternet  jH.Wanke  et  al. ,1997) prove  existense  of 
highly  fractionated  rich  in  Si,Al.K  rocks  simi¬ 
lar  to  andesites (probably  closer  to  vogesite  = 
syenitic  lamprophyre) *The  highest  SiOp  content 
of  and  inverse  correlation  between  Si  &  S 

(H.Wanke, personal  communication) could  indicate 
that  more  acid  rocks  also  exist(Fe,S  contamina¬ 
tion  is  always  pre¬ 
sent). We  see  them  in 
the  white  &  pinkish 
pebbles  &  crusts (wi¬ 
thout  Pe  signature) 

&  in  white  floor  un¬ 
der  dark  reddish  so¬ 
il.  Pig.  :  increasing 
,  highland- lowland  de- 
0  nsity  dichotomy. 


METAL-SILICATE  INTERACTIONS  IN  METEORITES 
J.  Matas  (1),  F.  Guyot  (2)  and  Y.  Ricard  (1) 

(1)  Ecole  Normale  Superieure  de  Lyon,  F-69007  Lyon,  (2)  Institut  de  Physique 
du  Globe,  F-75005  Paris. 

Ii  is  well  known  that  the  different  chondritic  groups  exhibit  a  large  variation 
in  redox  states,  from  oxidized  Cl  chondrites  to  highly  reduced  enstatite  chon¬ 
drites,  reflecting  various  environments  during  accretion  of  the  meteorite  parent 
bodies.  In  order  to  better  characterize  temperature  and  redox  state  of  these 
environments,  we  have  computed  the  compositions  of  metals  and  silicates  in 
equilibrium  under  different  T  and  fOi  conditions,  by  using  a  numerical  code 
based  on  free-energy  minimization.  We  took  into  account  non-idea  activity 
relations,  presence  of  Ni  and  solubility  of  silicon  in  the  metallic  phase  and 
calculated  the  different  sources  of  uncertainties  on  the  calculations.  With  this 
model,  we  computed  the  Fe-Ni-Si  contents  of  metal  in  equilibrium  with  sili¬ 
cates  in  various  bulk  compositions  in  the  system  Mg-Fe-Ni-Si-O.  We  verified 
that  the  simultaneous  use  of  3  (Fe,  Ni,  Si)  redox  markers  is  a  powerful  tool 
for  discussing  the  T  and  redox  conditions  of  meteorite  parent  bodies.  Precise 
T-fOj  relations  were  derived  for  EH,  H,  L,  and  LL  chondrites.  Additionally, 
their  mineralogical  compositions  provide  constraints  on  their  accretion  temper¬ 
atures  and  therefore  on  their  oxygen  fugacities.  These  results  are  discussed  in 
the  light  of  previous  T  —  /O2  models  of  the  solar  nebula.  Finally,  calculations 
performed  at  higher  temperatures  provide  some  indications  on  possible  metal 
and  silicate  compositions  in  the  differentiating  Earth. 


THERMAL  RELEASE  OF  XENON  IMPLANTED  INTO  ARTIFICIAL 
ANALOGUE  OF  METEORITIC  NANODIAMONDS 

A.  P.  Koscheev  ( 1 ).  M.  D.  Gromov  (1) ,  I.  A.  Panin  (1)  and  U.  Ott  (2) 
(1)  Karpov  Institute  of  Physical  Chemistry,  ul.  Vorontzovo  Pole  10, 
Moscow,  103064,  Russia,  (2)  Max-PIanck-Institut  fur  Chemie, 
Becherweg  27,  D-55128,  Mainz,  Germany 
koscheev@cc.  nifhi.ac.ru/Fax:  +007-095-975-2450 

The  diamond  micrograins  found  in  primitive  meteorites  carry 
abundant  xenon  with  unusual  isotopic  composition.  Ion  implantation 
is  one  of  the  ways  for  noble  gases  to  enter  the  solid  grains.  We  have 
studied  the  release  patterns  and  the  isotopic  structures  of  Xe 
implanted  into  synthetic  analogue  of  meteoritic  nanodiamonds  at 
energies  below  1  KeV  and  released  during  pyrolysis  at  temperature 
up  to  1200C.  The  substantial  fractionation  (up  to  1%  per  amu),  with 
enrichment  of  heavier  isotopes  and  approximately  linear  mass 
dependence,  was  observed  for  Xe  released  above  700C.  The 
release  of  other  volatiles  from  nanodiamonds  during  heating  in 
vacuum  was  investigated  in  addition  and  some  information 
concerning  the  Xe  release  mechanism  was  obtained.  Some  possible 
explanations  of  observed  fractionation  are  discussed. 

This  work  was  supported  by  RFBR-DFG  (Grant  96-05-00038). 
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PS9  Lunar  exploration 
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OBSERVATIONS  OF  LUNAR  SODIUM  FROM  THE  LU- 
NARSAT:  A  MODEL 

MJanaszkiewicz,  R.  Gabryszewski,  M.  Rataj,  and  T.  Zarnowiecki 
(Space  Research  Centre,  Bartycka  18 A,  Pl-00716,  Warsaw,  Poland) 

The  forthcoming  lunar  missions  (e.g.  LunarSat  or  Euromoon)  will  pro¬ 
vide  a  good  opportunity  to  continuously  monitor  the  sodium  exosphere 
around  the  Moon.  A  sensitive  sodium  D-line  optica!  detector  will  be  able 
to  determine  not  only  the  column  density  of  the  atmosphere,  but  also 
will  allow  to  estimate  the  mean  thermal  speed  of  atoms  ejected  from  the 
surface.  In  that  way,  it  will  be  possible  to  address  some  of  the  problems 
that  arised  after  performing  a  series  of  ground-based  observations  in  the 
recent  years:  (i)  what  is  the  contribution  of  different  ejection  processes 
(photodesorption,  solar  wind  sputtering,  meteoroid  impacts)  to  the  to¬ 
tal  sodium  flux,  (ii)  what  are  the  sticking  and  accomodation  coefficients 
for  ambient  sodium  atoms,  (iii)  how  much  is  the  velocity  distribution 
of  ejected  atoms  influenced  by  the  gas-surface  interaction.  In  the  pre¬ 
sentation  we  show  how  these  questions  can  be  answered  by  employing 
LENA:  a  narrow-band  photometer  counting  the  sodium  photons  along 
the  line-of-sight.  A  procedure  inverting  the  obtained  column  densities 
to  the  3D  spatial  density  will  be  described. 


LUNAR  PROSPECTOR'S  POLAR  ORBIT  MAPPING  MISSION 

A.B.  Binder  (Lunar  research  Institute,  1180  Sunrise  Dr.,  Gilroy,  CA,  USA) 

Lunar  Prospector  (LP)  is  the  1st  peer  reviewed,  competitively  selected  mission 
in  NASA's  new  "Faster,  Better,  Cheaper"  Discovery  Program.  The  spacecraft  is 
drum  shaped  (1.3  m  dia.  x  1.2  m  tall),  has  a  296  Kg  wet  mass  and  carries  the 
science  instruments  on  three  2.5  m  long  booms.  Launch  on  a  4  stage  LMLV-2 
rocket  is  set  for  late  evening,  Jan.  5, 1998,  from  Cape  Canaveral.  The  translunar 
coast  will  take  105  hrs  during  which  the  boom  will  be  deployed  and  science 
instrument  calibration  data  will  be  collected.  LP  will  be  insertion  into  a  100  km 
altitude,  118  minute  period,  circular,  polar  mapping  orbit  by  3  nearly  1/2  hr 
bums  spread  over  2  days.  The  nominal  mapping  mission  will  last  1  year 
followed  by  a  6  month  extended  mission  during  which  high  resolution  mapping 
will  be  done  from  10  km  x  100  km  elliptical  orbits.  LP's  science  payload  consists 
of  the  following:  A  Gamma-Ray  Spectrometer  to  map  the  elemental  (K,  U,  Th, 
Fe,  Ti,  Al,  O,  Si,  Ca  &  Mg)  composition  of  the  surface;  Two  Neutron 
Spectrometers  to  search  for  polar  ice  deposits  and  map  the  H  distribution  in  the 
regoHth;  An  Alpha  Particle  Spectrometer  to  determine  the  frequency  and 
locations  of  gas  release  events;  A  Magnetometer  and  Electron  Reflectometer  to 
map  the  lunar  magnetic  fields  and  determine  if  he  Moon  has  an  iron  core.  The 
Doppler  tracking  data  will  be  used  to  map  the  lunar  gravity  field  and  determine 
if  the  Moon  has  a  core. 


Measurement  Results  of  a  Stepped-Frequency  Ground 
Penetration  Radar  Test  Campaign  In  View  of  Planetary 
Exploration 

Authors: 

Hans  Martin  Braun,  Harald  Lentz,  Raumfahrt  Systemtechnik  AG, 
Switzerland 

After  years  of  technology  investigations  within  the  framework  of  ESA 
projects,  RST  is  now  performing  measurement  campaigns  in  order  to 
practically  demonstrate  the  viability  of  stepped-frequency  ground 
penetration  Radar  on  planetary  missions.  This  paper  will  show  first 
results  of  these  campaigns.  It  will  show  the  capability  of  this  new 
Radar  technique  to  perform  with  difficult  soil  structures.  A  prediction 
of  its  performance  in  planetary  environments  will  be  given  for  orbiter 
or  rover  based  configurations.  These  measurements  are  undertaken 
by  a  very  broadband  GPR.  It  ranges  from  1  MHz  up  to  several  GHz. 
It  is  an  RST  internal  development  for  use  of  parameter  optimisations 
with  respect  to  dedicated  mission  requirements.  In  future,  base  on 
this  instrument  model,  such  Radars  for  Moon  missions  can  be 
produced  at  a  minimum  cost.  And,  at  the  same  time,  they  can  meet 
demanding  scientific  requirements. 


Simulation  and  Performance  Prediction  of  an  Orbiter  based 
Planetary  Ground  Penetration  Radar 

Authors: 

Hans  Martin  Braun,  Raumfahrt  Systemtechnik  AG,  Switzerland 
Constantin  Mavrocordates,  ESTEC,  The  Netherlands 

Within  the  framework  of  the  project  PIRA  (Planetary  Into-the-Ground 
Radar  and  Altimeter)  on  behalf  of  ESTEC,  RST  AG  built  up  a 
simulation  in  order  to  predict  the  performance  of  a  planetary  stepped- 
frequency  ground  penetration  Radar.  The  simulation  gives  answers 
to  the  questions  on  range  resolution  and  horizontal  resolution  in 
along  and  across  track  at  surface  and  at  different  penetration  depths. 

It  shows  how  far  Doppler  processing  works  with  the  stepped 
frequency  approach  and  what  can  be  gained  by  multipath 
interferometry.  It  also  touches  the  subject  of  surface  return 
suppression  in  order  to  improve  subsurface  return  visibility.  The 
paper  will  provide  an  overview  on  the  performance  of  such  Radars 
with  respect  to  soil  layer  determination  and  underground  feature 
detection.  The  influence  of  the  Radar  frequency  selection  on  the 
performance  will  be  shown  and  calibration  methods  will  be  introduced 
allowing  to  significantly  increase  the  underground  measurement 
accuracy. 

DARKNESS  AT  THE  LUNAR  SOUTH  POLE,  AS  SEEN  BY  CLEMENTINE 

D.B.J.  Bussey,  Space  Science  Dept.,  ESA/ESTEC,  The  Netherlands 
P.D.  Spudis,  Lunar  and  Planetary  Institute,  Houston,  TX  77058,  U.S.A. 

Clementine  has  provided,  for  the  first  time,  a  digital  data  set  which  can  be  used  to 
analyse  how  the  lighting  conditions  at  the  lunar  south  pole  vary  over  the  course  of  a 
lunar  day.  Data  are  available  for  a  little  more  than  two  lunar  days,  permitting  a 
preliminary  assessment  of  how  the  lighting  varies  over  the  seasonal  change  from 
winter  solstice  to  the  vernal  equinox  at  the  southpole.  In  this  study  each  Clementine 
orbit  that  imaged  the  south  pole  has  been  converted  into  a  single  image.  By  combining 
consecutive  images  into  a  quicktime  movie  we  can  see  how  the  lighting  conditions 
change  at  the  south  pole  during  a  lunar  day.  Of  particular  interest  are  regions  of 
lighting  extremes.  Both  areas  which  appear  to  be  in  constant  darkness  as  well  as 
regions  which  are  lit  for  much  more  the  usual  50%.  It  is  extremely  useful  to  know  the 
lateral  extents  of  these  areas  as  dark  areas  may  contain  water  ice  whilst  highly 
illuminated  regions  are  of  value  as  potential  landing  sites.  The  production  of  a  control 
grid  for  the  Clementine  data  by  the  USGS  in  Flagstaff  means  that  we  know  the 
position  on  the  lunar  surface  in  an  image  to  an  accuracy  of  approximately  250  m/pix. 
Thus  analysis  of  these  data  will  allow  us  to  produce  a  opercentage  illuminationC  map 
of  the  south  polar  region  to  a  very  high  accuracy. 
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AGES  AND  Ti02-C0NTENT  OF  LUNAR  BASALTS: 

A  STRATIGRAPHIC  APPROACH 

H.  Hiesinger1,  U.  Kbhler2,  R.  Jaumann2,  G.  Neukum2,  J.W.  Head  HI1 

1  Department  of  Geological  Sciences,  Brown  University,  Providence,  RI 02912 

2  DLR-Inst.  of  Planetary  Exploration,  Rudower  Chaussee  5,  12489  Berlin/Germany 

Presented  are  new  ages  and  geochemical  data  for  several  lunar  nearside  impact  basins 
filled  with  mare  basalts.  From  lunar  samples  returned  by  Apollo,  it  is  known  that 
Ti02-rich  basalts  are  generally  older  than  Ti02-poor  basalts  at  these  sites.  We  inves¬ 
tigated  this  relationship  in  detail  using  remote  sensing  data  and  found  no  correlation 
between  the  Ti02*content  of  a  basalt  and  its  age  in  any  of  the  basins.  In  all  basins  it 
seems  that  the  TiOz-concentrations  of  the  basalts  vary  independently  from  their  ages, 
and  that  Ti-rich  and  Ti-poor  basalts  can  erupt  at  the  same  time  in  the  basin. 
However,  the  mean  TiCh-content  of  the  basalts  exposed  in  different  impact  basins 
generally  decreases  from  the  older  basins  to  the  younger  basins.  It  is  also  obvious 
that  with  decreasing  age  of  the  basin  the  variety  of  compositions  and  range  of  ages 
increases.  The  widest  range  in  ages  occurs  in  Imbrium  and  Serenitatis  which  also 
contain  the  youngest  basalt  units,  indicating  that  the  volcanism  lasted  longer  in 
these  two  basins  than  in  the  other  basins.  Stratigraphic  columns  show  that  the 
highest  titanium  basalts  in  each  basin  erupted  at  about  the  same  time,  although  the 
absolute  Ti02-content  differed  from  basin  to  basin.  The  frequency  distributions  of 
dated  surfaces  indicate  that  Australe,  Tranquillitatis,  Humboldtianum  and  Humorum 
were  filled  primarily  in  the  period  from  3. 4-3. 8  b.y.  The  broad  variety  of  ages  and 
compositions  in  Serenitatis  and  Imbrium  are  thought  to  be  results  of  mixing  and 
differentiation  processes  in  the  magma  reservoirs  or  the  mantle  over  long  times.  For 
Australe  and  Humboldtianum,  we  found  clear  evidence  that  lunar  crustal  thickness  is 
a  major  factor  in  controlling  the  existence  and  amount  of  volcanism  on  the  surface. 


HIGH  RESOLUTION  ORBITER  CAMERA  FOR  THE  EUROMOON 
ORBITAL  PHASE 

H.  Hoffmann,  H.-G.  Grothues,  H.  Michaelis  and  G.  Neukum 

DLR  Inst.  Planetary  Exploration,  Rudower  Chaussee  5, 12489  Berlin/Germany 


ANALYSIS  OF  LUNAR  BASINS  USING  CLEMENTINE  DATA 

D.B.J.  Bussey,  Space  Science  Dept.,  ESA/ESTEC,  The  Netherlands 
P.D.  Spudis,  Lunar  and  Planetary  Institute,  Houston,  TX  77058,  U.S.A. 

Clementine  imaged  the  Moon  globally  in  eleven  different  wavelengths  We  have  used 
the  full  resolution  Clementine  data  (250  m/pixel)  to  undertake  a  compositional  study 
of  the  ejecta  blankets  of  several  large  impact  basins  on  both  the  lunar  near  and  far 
sides.  Combining  the  Clementine  UWIS  data  together  with  Earth-based  spectra  we 
have  been  able  to  map  the  compositionally  distinct  units  associated  with  the  basins.  As 
well  as  multi-spectral  images  new  techniques  have  enabled  us  to  produce  quantitative 
maps  of  both  iron  and  titanium  content  of  the  ejecta  units,  a  tool  which  is  extremely 
useful  in  identification  of  surface  composition.  By  using  the  basins  as  probes  into  the 
lunar  crust  we  have  been  able  to  build  up  a  three  dimensional  compositional  view  of 
the  crust.  A  good  example  is  given  by  Orientale,  a  900  km  diameter  basin  located  on 
the  western  nearside.  We  have  been  able  to  show  that  the  basin  ejecta  units  are  largely 
homogeneous  with  the  Montes  Rook  Formation  being  slightly  more  mafic  than  both 
the  Maunder  and  Hevelius  Formations.  We  have  also  been  able  to  identify  many 
outcrops  of  pure  anorthosite,  associated  with  the  scarps  of  the  Inner  Rook  mountain 
ring.  Collectively  this  evidence  points  towards  a  three  layercrusta!  model  for  the 
Moon.  A  mixed  zone  (megaregolith)  overlying  a  region  of  pure  anorthosite 
(representing  the  primordial  lunar  crust)  on  top  of  a  more  mafic  basaltic  layer. 


IDENTIFICATION  OF  LUNAR  PICK-UP  IONS  IN  INTER¬ 
PLANETARY  SPACE:  WIND/STICS  RESULTS 
K.  Cierpka  (1),  E.  Kirsch  (1),  U.  Mall  (1),  B.  Wilken  (1),  G.  Gloeckler  (2), 
A.  Galvin  (2)  and  K.  Chotoo  (2) 
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cierpkaClinmpi.mpg.de/Fax:  [49]  5556  979  240 

Observations  of  lunar  pick-up  ions  were  made  by  the  WIND  spacecraft  during 
lunar  flyby’s  in  interplanetary  space.  The  ion  composition  spectrometer  WIND- 
STICS  has  measured  these  ions  in  the  energy  range  20-200  keV/e  and  with  a 
mass/charge  between  16-40  amu/e.  The  identification  of  singly  charged  heavy 
ions  is  rather  difficult  even  with  instruments  of  the  WIND  generation.  Monte- 
Carlo  simulations  of  the  detector  response  for  all  ions  at  all  energies  of  interest 
are  necessary  part  of  the  identification  process.  We  report  in  detail  on  analyzing 
STICS  data  with  respect  to  different  lunar  pick-up  ion  species. 


THE  MOBILE  PENETROMETER  FOR  THE  LUNAR  SOIL  STUDY 
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The  mobile  penetrometer  is  the  self-propelled  device  for  movement  in  the  soil. 
Peculiarity  of  its  usage  for  the  soil  study  is  an  opportunity  of  penetration  into  the  soil 
on  significant  depth,  study  of  properties  of  the  soil,  soil  sampling  on  the  given  depth, 
return  to  the  surface,  multiplicity  of  the  penetration  cycles.  The  definition  of  physical 
and  mechanical  properties  on  adepth  can  be  determined  at  the  known  energy  of 
impacts  and  their  frequency.  In  such  way  the  durability  of  separate  layers,  strength  of 
separate  layers,  a  presence  of  various  formations,  emptiness  and  etc.  can  be  revealed. 
The  mobile  penetrometer  has  in  the  basis  the  shock  mechanism.  From  this  point  of 
view  the  mobile  penetrometer  is  the  activator  of  seismic  fluctuations.  The  energy  of  a 
shock  pulse  is  well  known  and  impacts  follow  in  a  strict  sequence.  Geophones  are 
established  on  the  given  distance  from  the  mobile  penetrometer,  forming  a  reception 
network  with  a  various  base.  The  mobile  penetrometer  is  on  the  soil  and  makes  a  series 
of  impacts.  Geophones  react  to  the  single  signals  and  operate  according  to  the 
principle  of  accumulation.  The  possible  range  of  sounding  can  be  hundred  of  meters. 
Soil  thermal  properties  can  be  estimated  on  the  basic  of  dynamic  of  the  mobile 
penetrometer  body  temperature  changing  under  setted  value  of  heat  emission.  The 
essence  of  their  measuring  is  registration  of  mobile  penetrometer  temperature  as 
function  of  the  time  under  constant  value  of  heat  emission  inside  of  the  penetrometer 
and  its  cooling.  Lunar  heat  flow  can  be  estimated  when  measuring  of  the  penetrometer 
temperature  for  different  depth. 


Before  landing  on  the  lunar  surface,  the  currently  investigated  EUROMOON  2000 
mission  will  remain  in  a  circular  oihit  for  1  to  2  months.  During  this  period,  a  camera 
instrument  shall  obtain  monoscopic  and  stereoscopic  imagery  appropriate  for  the 
detailed  analysis  of  potential  landing  sites,  the  final  landing  site  selection,  and  for  the 
support  of  the  descent  phase  itself  and  subsequent  surface  activities.  The  required 
imaging  data  should  have  a  high  spatial  and  vertical  resolution  <  5m  at  a  regional  scale 
and  a  spatial  resolution  in  the  range  of  the  lander  dimensions  (i.e.  about  0.5  m/pixel) 
at  a  local  scale.  In  order  to  meet  these  goals  we  propose  a  camera  system  consisting  of 
two  camera  heads  and  a  common  digital  unit  for  camera  control,  data  buffering  and 
processing.  A  compact  single-optics  pushbroom  device  with  nine  CCD-sensors  will 
acquire  simultaneously  images  high  resolution  (4  m/pixel),  triple  stereo  and  with  six 
colors.  It  is  inherited  from  the  High  Resolution  Stereo  Camera  experiment  developed 
for  the  Mars  96  mission.  The  second  camera  channel  is  a  framing  camera  with  a  large 
area  array  detector,  TDI  capability,  and  a  mirror  optics  with  a  focal  length  above  2  m 
yielding  images  at  a  spatial  resolution  of  0.4m/pixel  from  100  km  altitude.  By  making 
use  of  modem  light-weight  material,  the  mass  of  the  entire  camera  experiment  is  well 
below  9  kg. 


SURFACE  TRANSPORT  AND  STORAGE  OF  WATER  ON  THE 

MOON 

W.-H.  Ip 

Max-Planck-Institut  fur  Aeronomie,  D-37191  Katlenburg-Lindau,  Germany. 
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A  major  goal  in  future  lunar  missions  is  to  identify  possible  sites  of  subsurface 
ground  ice  which  might  have  been  supplied  by  meteorid  and  cometary  impacts. 
An  updated  version  of  the  Monte  Carlo  code  for  ballistic  transport  is  used  to 
investigate  the  "capture”  efficiency  of  such  exogenous  water  and  other  volatiles 
at  the  polar  region  of  the  Moon.  Photodissociation  and  solar  wind  sputtering 
of  the  surface  material  will  lead  to  the  formation  of  an  extended  exosphere. 
The  spatial  distribution  of  OH  and  other  sputted  products  will  be  compared 
with  previous  observations. 
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STRATIGRAPHIC  STUDIES  OF  THE  BOUNDARY  REGION 
BETWEEN  MARE  SERENITATIS  AND  MARE  TRANQUILLITATIS 

R.  Jaumann  (1),  H.  Hiesinger  (2),  J.W.  Head  HI  (2) 

(1)  DLR,  Institute  of  Planetary  Exploration,  Berlin, 
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In  the  Mare  Serenitatis/Mare  Tranquillitatis  border  area  different  geological  basalts  of 
two  maria  are  closely  deposited  surrounded  by  the  Montes  Haemus  and  Taurus- 
Littrow  highlands.  The  Plinius  and  Dawes  impacts  have  probed  these  basalts  and  the 
nearby  Apollo  17  landing  site  provides  ground-truth.  An  ideal  region  on  the  Moon 
for  investigating  complex  geological  settings.  Telescopic  spectra  in  the  VIS  to  NIR 
wavelength  range  have  been  sampled  at  specific  locations.  Comparison  of  these 
spectral  data  with  measurements  in  the  same  wavelength  range  of  returned  Aollo 
samples  yield  chemical  information  of  the  geological  deposits  in  the  considered  area. 
The  Plinius  impact  has  penetrated  the  basaltic  layers  and  exhibits  anorthositic 
highland  material  in  its  central  peak.  The  floors  and  rims  of  Plinius  and  Dawes 
contain  basalts  which  are  chemically  different  from  the  uppermost  lava  deposits  hit 
by  the  impacts.  The  Dawes  impact  has  also  penetrated  basaltic  layers  but  has  not 
reached  the  underlying  highland  materials  of  the  buried  basin  rim.  However  floor  and 
rim  materials  show  similarities  with  Mare  Serinitatis  basalts  suggesting  that  a 
defined  stratigraphic  sequence  is  established  on  the  lava  flooded  rim  crest  of  the  two 
basins.  This  is  supported  by  age  estimations  based  on  crater  counts  of  distinct  basalt 
units  in  this  area.  Dawes  has  penetrated  at  least  two  and  Plinius  three  lava  units. 


A  SIMULATION  OF  SATELLITE-TO-SATELLITE 
TRACKING  MISSION  NEAR  MOON  AND  MARS 

R.A.Kascheev,  Kazan  State  University, 
ralk@astro.ksu.ras.ru,  Rafael.Kascheev@ksu.ru 

One  of  the  future  possibility  to  obtain  improved  knowledge  of  the 
celestial  bodies  gravity  based  on  the  analysis  of  the  relative  motion  of 
two  (or  more)  satellites.  In  the  case  of  low-low  configuration  mode 
where  a  low  orbiting  satellite  tracks  another  in  a  slightly  different  low 
orbit  observed  along-track  range-rate  is  directly  proportional  to  the 
gravity  potential  difference.  In  the  case  of  high-low  mode  where  the 
tracking  spacecraft  is  in  a  high  orbit  the  most  promising  way  is  the 
transformation  by  differentiating  the  measured  line-of-sight  (LOS) 
velocity  data  into  LOS-acceleration  data. 

Using  computer  simulation  we  have  investigated  several  aspects  of 
satellite-to-satellite  tracking  method.  The  simulation  points  to  the  fact 
that  the  closeness  of  low  satellite  orbit  to  the  polar  one  is  of 
importance  to  attain  the  greatest  possible  accuracy  of  gravity 
harmonics.  An  accuracy  of  reference  gravity  field  is  equally  important. 
Compared  to  Moon,  Mars  turn  out  to  be  more  sencitive  to  systematic 
errors  of  a  reference  gravity  field  model. 


ON  THE  USE  OF  SATELLITE  GRADIOMETRY 
FOR  DETERMING  GRAVITY  PARAMETERS 

R.A.Kascheev,  Kazan  State  University, 
ralk@astro.ksu.ras.ru,  RafaeI.Kascheev@ksu.ru 

It  is  now  widely  recognized  that  satellite  gradiometry  will  give  the 
opportunity  to  yield  a  large  divident  in  accuracy  of  charting  a  sharp 
gravity  picture  of  celestial  bodies. 

The  report  concerned  with  the  results  of  computer  simulated  satellite 
gradiometry  experiments  near  Moon  and  Mars.  It  is  strongly  suggest 
that  the  incorporate  adjustment  of  two  or  more  different  types  of 
observed  second  derivatives  of  potential  function  provides  the  highest 
possible  accuracy  of  estimated  gravity  harmonics. 

In  order  to  realize  full  efficiency  of  the  method  an  appropriate 
inclination  and  altitude  of  satellite  orbit  must  to  be  applied.  Given  a 
sufficiently  large  values,  the  inclination  is  almost  of  little  cosequence. 
Contrary,  the  search  of  altitude  faces  some  difficalties  since  for  each  N 
(the  index  of  degree)  it  is  desirable  to  use  the  altitude  of  its  own. 


SELENODESY  FROM  DIFFERENTIAL  VLB  I,  RELAY 
SATELLITE  AND  LASER  ALTIMETER  EXPERIMENTS 

— Kftwapp  and  M.  Ooe  (National  Astronomical  Observatory, 
Hoshigaoka  2-12,  Mizusawa,  Iwate  023,  Japan) 

N.  Namiki  (Department  of  Earth  and  Planetary  Science, 
Kyushu-Univ.  6-10-1,  Hakozaki,  Fukuoka  812,  Japan) 

One  of  the  main  objectives  of  the  SELENE  mission  is  seleno- 
desy  by  using  differential  VLBI,  a  relay  satellite  and  a  laser 
altimeter.  Conventional  RARR  or  Doppler  measurements 
require  direct  communications  between  a  lunar  orbiter  and  a 
ground  station.  Furthermore,  they  have  no  or  low  sensitivity 
to  the  displacement  of  the  orbiter  on  the  plane  perpendicular 
to  the  line  of  site.  VLBI  is,  on  the  contrary,  highly  sensitive 
to  the  displacement  on  that  plane. 

We  decided  to  apply  new  techniques  of  VLBI,  the  relay  satel¬ 
lite  and  the  laser  altimeter.  The  relay  satellite  provides  4-way 
RR  data  of  the  lunar  far-side  for  the  first  time,  and  the  laser 
altimeter  measures  altitude  not  only  at  nadir  but  in  the  direc¬ 
tion  40  deg.  aside  from  nadir.  Differential  VLBI  in  addition  to 
RARR  permits  3-dimensional  positioning  of  the  satellite.  These 
new  kinds  of  data  with  high  accuracy(lm  in  position  and  5m 
in  altitude)  provide  much  information  on  selenodesy. 


LUNAR  OPPOSITION  SPIKE  MEASURED  BY  CLEMENTINE 

V.  G.  Kaydash,  M.  A.  Kreslavsky,  Yu.  G.  Shkuratov 
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VKaydash@mak.kharkov.ua  /  Fax:  [38-0572]  43-24-28 

Imaging  of  the  Moon  by  Clementine  UVVIS  camera  gave  a  unique  opportunity  to 
study  optical  properties  of  the  lunar  surface  at  extremely  low  phase  angles,  where 
opposition  spike,  that  is  nonlinear  increasing  of  surface  brightness,  occurs.  In 
contrast  to  other  studies,  to  measure  the  phase  dependence  of  brightness  we 
compared  images  of  the  same  scene  taken  at  different  illumination  conditions.  For 
several  sites  we  derived  the  dependence  for  the  phase  angles  as  small  as  0. 1  deg.  A 
special  technique  provided  high  accuracy  of  our  estimations.  Generally,  the  brighter 
surface,  the  stronger  opposition  spike.  We  found  that  in  spite  of  this  trend,  the 
opposition  spike  is  steeper  for  shorter  wavelengths,  though  albedo  is  lower.  We 
found  also  that  there  are  noticeable  small-scale  spatial  variations  of  the  opposition 
spike  that  are  not  controlled  by  surface  albedo.  These  variations  are  due  to  the 
regolith  maturity  and  particle  size.  Our  findings  prove  studies  of  the  opposition  spike 
to  be  useful  for  remote  sensing  of  the  lunar  surface. 


THE  PROBLEM  OF  THE  SEISMIC  EXPLORATION  OF  THE 
MOON 

OB  Khavroshkin,  V.V.  Tsyplakov  (Institute  of  Physics  of  the  Earth, 
Moscow,  e-mail:  khavole@uipe-ras.scgis.ru  /fax:  7  095  254  9088) 

We  show  the  fundamental  differencies  and  their  reasons  via  seismicity 
nature  and  its  manifestations  for  seismic  and  aseismic  planets.  The 
methods  of  physical  seismology  may  become  a  sufficiently  universal  in¬ 
strument  for  planets  investigation.  A  comparison  between  seismicity 
characters  of  the  Earth  and  of  the  Moon  in  particular  have  revealed  the 
following:  (1)  the  minor  tectonic  activity  of  the  Moon  manifests  itself 
trigger  seismicity  with  temporal  mode  defined  by  the  spectrum 
of  the  tide’s  periods  and  their  nonlinear  time  transformation  and  by  im¬ 
pacts  of  meteoroids;  (2)  evolution  of  the  wave  field  of  moonquakes  is  ac¬ 
companied  by  a  secondary  trigger  action  on  the  geological  structure  and 
an  outgoing  of  the  tectonic  potential  elastic  energy  in  the  microshocks 
form  are  represented  as  anomalously  high  quality  and  a  secondary  wave 
field  of  macroshocks  sources  spatial  arrangement  is  represented  as  a  dif¬ 
fusion^  field  of  scattered  original  signal;  (3)  radiation  of  waves  in  the 
Moon  lithosphere  is  accompanied  by  seismic  selfgeneration  and  a  wave 
train  can  obey  Fermy-Pasta-UIom’s  paradox  law. 


C  1030 


CRATER  DEGRADATION  ON  THE  LUNAR  MARIA 


the  deepest  hjnab  spa  basin  and  its  infilling 
G •  Kbchemas ov ,  IGEM , 35  Staromonetny,Moscow  109017 


Universal  tectonic  dichotomy  of  celestial  bod¬ 
ies  (resalt  of  superposition  of  planetary  waves 
ling  2pR) is  accompanied  by  tectonic  sectoring 
causedby  interference  of  the  1st  obertone  wa¬ 
ves  long  pS.*  On  the  lunar  far  side  there  are  4 
sectors  centered  in  Oriental©  b# :2  differently 
subsided  (SPA  &  Procellarum  b-s)separated  by  two 
differently  uplifted. The  highest  continental 
block-sector(++)is  in  a  sharp  &  abrupt  contact 
with  the  deepest  SPA  b0 According  to  the  angular 
momentum  preservation  law  the  highest  block  is 
composed  of  the  lightest  anorthosites (upto  Na- 
enriched  variety)  fthe  deepest  block  must  be  fil¬ 
led  with  rocks  denser  than  Ti-bas alts  (typical 
for  the  near  side). Spectral  data(C .Pieters  et 
al.,97)show  presence  of  orthopyroxene.  Some  ad- 

— jr 7 - - dition  of  lamellae  NiPe  and 

Ays* n.  troilite  will  produce  requ- 
f  +_u+_l+, \  ired  dense  rock. It  might  be 
r  b  j  like  hovardites,mesosideri- 

V  /  tes,  anomalous  forsterite 

rich  iron  meteorites  .&  so  on 


G.  G.  Michael  (Sternberg  State  Astronomical  Institute,  Moscow  119899,  Russia) 

A  correspondence  is  sought  between  the  freshest  class  of  craters  on  the  lunar  highlands 
and  those  on  the  less  populated  maria.  A  comparison  by  density  suggests  that  the 
limiting  age  of  this  class  is  close  to  that  of  the  plains  themselves  and,  furthermore,  that 
the  process  of  crater  degradation  has  been  much  faster  on  the  maria  than  on  the 
highlands.  Both  the  Moon  and  Mars  show  not  only  an  increase  in  the  proportion  of 
class  1  'sharply  preserved'  craters  on  their  lowlands  (maria/plains),  but  also  of  class  5 
’fully  ruined'  craters  in  relation  to  the  highlands.  The  increase  in  class  1  craters  is 
expected  as  a  result  of  the  relative  youth  of  the  lowlands,  but  that  of  class  5  requires  a 
more  sophisticated  explanation.  One  possibility  is  that  crater  degradation  proceeded 
much  faster  on  the  later  formed  lowlands.  This  both  reduces  the  density  of  the  freshest, 
class  1  craters,  and  provides  a  mechanism  for  the  generation  of  more  degraded  craters 
which  might  otherwise  be  expected  to  be  absent  from  the  newer  surface.  If  this  is  the 
case,  the  age  correspondence  between  highland  and  lowland  craters  is  spread,  the  wide 
range  of  degradation  on  the  maria  relating  to  a  narrower  band  on  the  highlands.  A 
comparison  by  density  suggests  that  the  freshest  craters  on  the  highlands  correspond 
in  age  to  craters  of  all  stages  of  degradation  on  the  maria. 


STRATIGRAPHIC  RELATIONS  AND  SPECTRAL  CHARACTER¬ 
ISTICS  OF  NORTHERN  NEARSIDE  LIGHT  PLAINS 

U.  Koehler.  R.  Jaumano,  G.  Neukum 

DLR,  Institute  of  Planetary  Exploration,  D- 12484  Berlin,  Germany 

Investigations  of  Lunar  Light  Plains  on  the  northern  nearside  of  the  Moon  are 
presented.  In  addition  to  the  type  location  ("Cayley  Plains"),  i.e.  the  Apollo  16 
landing  site  and  the  areas  extending  to  the  west,  the  areas  north  of  Mare  Frigoris 
exhibit  a  wide  distribution  of  Light  Plains.  As  in  the  equatorial  latitudes,  the  role 
these  smooth  plains  of  intermediate  albedo  play  in  the  geological  evolution  of  the 
lunar  surface  is  still  poorly  understood.  Galileo  multispectral  data  of  the  north  polar 
regions  allow  to  classify  the  Light  Plains  in  at  least  two  quite  distinct  categories: 
One  with  typical  mare-basalt  characteristics,  the  other  exhibiting  rather  highland 
affinities.  The  lack  of  high  resolution  in  these  images  (only  -1.2  km/pxl)  could  be 
overcome  by  Clementine  multispectral  images  (res.  ~1.2  km/pxl),  which  confirm 
and  complement  the  spectral  classification  based  on  Galileo  data.  These  results  are 
combined  with  age  determinations  based  on  crater-frequency  distribution- 
measurements  on  Lunar  Orbiter  imagery.  Similar  to  the  situation  in  the  broad 
highland  belt  between  Fra  Mauro  and  the  Apollo  16  landing  site,  where  Light  Plains 
are  widespread,  we  found  ages  variing  over  a  relatively  long  time  scale.  Consistent 
with  results  we  got  for  the  equatorial  zone,  this  supports  our  assumption  that  an 
origin  of  the  northern-latitude  Light  Plains  cannot  exclusively  be  attributed  to  the 
last  two  major  basin-forming  events,  namely  the  Imbrium  and  Orientale  impact. 
Because  some  Light  Plains  at  the  eastern  margin  of  Mare  Frigoris  and  in  the  vicinity 
of  crater  Meton  have  surfaces  clearly  younger  than  the  Orientale  event.  Endogenic 
processes  may  have  played  a  siginifcant  role  in  forming  the  surfaces  of  some  Light 
Plains  in  the  investigated  area. 


MELISSA  :  preparation  of  flight  experiments. 

Lasseur  Ch.,  Verstraete,  W.,  Gros  J.B.,  Gaudia  F.,  Richalet  J.  Dubertret  G.,  Diels  L. 
Dixon  M. 

One  of  the  real  challenge  of  a  mission  further  LEO  (Moon  or  Mars)  will  be  the 
establishment  of  an  artificial  ecosystem  able  to  sustain  human  life.  This  final  goal 
requires  first  a  perfect  understanding  and  control  of  the  ecosystem  behaviour. 
Although  on  Earth  the  control  of  an  compartmentalised  ecosystem  seems  to  be 
possible,  in  space  the  effects  of  environmental  parameters  (radiation,  reduced 
gravity,  temperature,  sun  availability,...)  have  still  to  be  quantified. 

In  the  past  20  years,  a  large  numbers  of  biological  experiments  (microbial,  higher 
plant,..)  have  been  performed  to  detect  metabolic  difference  in  zero  or  in  one  g 
gravity.  Among  these  experiments,  several  ones  were  devoted  to  bacterial  kinetic 
determination  and  their  results  seem  to  demonstrate  higher  kinetics  in  micro-gravity. 
In  this  presentation,  we  quickly  reviewed  the  general  concept  of  the  MELISSA 
project  and  we  present  the  last  scientific  and  technical  results,  the  new  facility 
devoted  to  a  ground  demonstration  (a  pilot  plant  in  Barcelona).  Then,  we  present  the 
objectives,  the  concept  and  the  current  hardware  development  of  3  flight 
experiments  (MASK,  FEMME  and  BIORAT)  related  to  MELISSA. 


THE  JAPANESE  LUNAR  MISSION:  LUNAR  -  A 
Hitoshi  MIZUTANI,  Akio  FUJIMURA,  Masahiko  HAYAKAWA,  Satoshi 
TANAKA,  Hiroaki  SHIRAISHI,  Junji  KOYAMA,  Isao  YAMADA,  Hideki  MU¬ 
RAKAMI,  Yasushi  ISHIHARA  and  Kiyoshi  ITO 

Institute  of  Space  and  Astronautical  Science,  Sagamihara,  Kanagawa,  229 
Japan. 

nizutaniOplaneta.sci.isas.ac.jp/Fax:  [+81]  0427-59-4237 
The  Japanese  lunar  penetrator  mission,  LUNAR-A,  will  be  launched  in  1999. 
This  mission  aims  to  study  the  lunar  interior  using  seismometers  and  heat  flow 
probes  in  the  penetrators.  Two  penetrators  will  be  deployed  on  the  lunar  sur¬ 
face;  one  on  the  Oceanus  Procellarum  of  the  near-side,  and  another  on  the 
Mendelev  Crater  of  the  far-side.  The  data  obtained  by  the  instruments  within 
the  penetrators  are  first  transmitted  to  the  spacecraft  orbiting  at  200  km  alti¬ 
tude  and  then  sent  back  to  the  ground  stations.  The  life  time  of  the  penetrator 
is  estimated  to  be  one  year.  The  seismic  study  will  be  made  by  observing  vari¬ 
ous  deep  moonquakes  at  two  widely  different  sites.  In  particular,  observations 
of  the  amplitudes  and  travel-times  of  near-side  deep  moonquake  events  at  the 
farside  will  reveal  core  size  of  the  moon,  if  it  exists.  Understanding  the  core  size 
and  its  property  are  crucial  to  understand  the  bulk  abundance  of  the  siderophile 
elements,  which  in  turn  is  essential  to  understand  the  origin  of  the  moon. 


PHYSICAL  LIBRATION  OF  THE  MOON 

AND  DISSIPATIVE  PROCESSES  IN  LUNAR  INTERIOR 

Natasha  PETROVA  fc  Alexander  GUSEV  Dpt.  of  Astronomy  and 
Gravitation,  Kazan  University,  Kremljevskaja  Str.,  18,  Kazan,  Russia, 

E-mail:  petrova@astro.ksu.ras.ru 

The  importance  information  about  interior  structure  and  physical  processes 
in  the  Moon  may  be  obtained  under  study  of  the  Lunar  physical  libration. 
Observation  the  planet  rotation  by  the  modern  astronomical  methods  allow 
to  reveal  the  fine  effects  in  the  precession  and  nutation  (in  other  words  -  in 
libration).  The  case  in  point  are  the  VLBI  observations  of  radio  beacons  on 
the  Moon  with  an  accuracy  of  0.1  mas,  the  certain  detection  of  the  Lunar  free 
libration  parameters  by  LLR  analyses  (0.01  arc  sec),  geophysical  data  about 
lunar  interior  after  Appolo  (dissipation  factors  Q)  and  Clementine 
(tomography  of  lunar  internal  structure).  All  these  discoveries  impose  heavy 
demands  on  analytical  description  of  the  Lunar  interior  models. 

For  adequate  description  of  observed  lunar  physical  libration  we  consider  the 
model  of  three-layer  Moon:  rigid  crust,  visco-elastic  mantle  and  viscous  core. 
Dissipative  effects  arising  from  the  core-mantle  interaction  are  of  particular 
interest  a)  as  the  source  of  additional  heating  of  the  Moon’s  interior,  b)  as  the 
mechanism  supporting  lunar  free  libration  and  c)  as  the  region  of  mantle 
convective  motion,  plume  tectonics  and  possible  hot  spots  on  the  lunar  crust. 
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LUNARSAT  SCIENCE  EXPERIMENTS 

Rainer  Riemann,  Petrus  Hyvonnen,  Jan- Erik  Wahlund,  Peter  Eckart 

LunarSat  is  a  micro  satellite  of  100  kg  mass  intended  to  fly  to  the  Moon  on  as 
an  Ariane  5  auxiliary  payload.  Several  experiments  have  been  proposed  for 
LunarSat:  a  camera,  a  radar  and  plasma  experiment, 'a  gravity  experiment,  a 
sodium  counter,  a  dust  detector  and  an  electron/ion  spectrometer. 

The  camera  system  consists  of  a  high  resolution  and  a  wide  angle  camera. 
The  high  resolution  camera  will  take  stereo  and  multicolour  images  of  the 
lunar  south  pole  region  and  other  selected  areas  of  scientific  interest  as  lunar 
domes  or  rilles.  This  data  will  be  used  to  obtain  a  digital  elevation  model  and 
lithological  information  of  these  areas,  especially  of  the  Euromoon  landing 
site.  The  wide  angle  camera  will  be  used  to  monitor  the  changing  illumination 
of  the  south  polar  region.  It  shall  also  be  possible  to  obtain  long  exposure 
photographs  of  the  eternally  shadowed  interior  of  the  south  polar  crater  by 
light  reflected  from  the  illuminated  crater  walls  during  lunar  austral 
midsummer. 

The  radar  and  plasma  experiment  REX  is  a  very  versatile  instrument:  In 
passive  mode  it  will  study  the  lunar  plasma  environment.  In  the  active  mode 
it  will  also  be  used  for  surface  and  subsurface  measurements. 

The  gravity  experiment  will  be  performed  together  with  the  Euromoon  Lander 
spacecraft  during  its  orbital  phase.  The  sodium  counter  will  be  used  to  study 
the  sodium  content  of  the  lunar  exosphere. 


A  COMP ARISION  OF  CRATERING  OF  THE  LUNAR  POLAR  REGIONS 

J.F.Rodionova,  EA.Kozlova  (Sternberg  State  Astronomical  Institute,  1 19899  Moscow, 
Russia) 

The  comparison  of  the  cratering  of  the  lunar  polar  regions  is  fulfiled  on  the  basis  of 
the  data  bank  of  the  Morphological  Catalogue  prepared  by  Sternberg  Astronomical 
Institute  and  updated  using  the  Clementine  images  and  Arecibo  radar  mapping  of  lunar 
poles.  There  are  more  craters  of  diameter  10-40  km  in  the  Southern  region  than  in  the 
Northen  one  but  the  number  of  craters  of  diameter  more  than  40  km  is  the  same  in  the 
both  regions.  The  histograms  of  crater  frequency  against  degree  of  degradation  shows 
that  there  are  the  same  number  of  craters  of  the  third  class  of  degradation  but  there  are 
more  craters  of  the  first,  second  and  especially  forth  and  fifth  classes  in  the  Southern 
region.  The  average  of  crater  density  in  the  10  degree  latitudinal  bands  decreases  in 
direction  from  the  North  pole,  but  it  increases  from  the  South  pole.  Maps  of  crater 
density  distribution  were  compiled  for  these  regions.  The  values  of  the  crater  density 
were  calculated  for  equal  area  segments  and  scaled  to  an  area  of  10  millions  square 
km.  Isolines  were  constructed  through  50  craters.  The  maximum  ctater  density  (850 
craters)  is  observed  in  the  region  of  Belkovich  crater  but  the  minimum  (100  craters)  in 
Marc  Cognitum  in  the  Northern  polar  region.  In  the  Southern  region  more  than  800 
craters  are  observed  in  the  neighbourhood  of  Bailly,  Lemaitre,  Mutus,  but  there  are 
only  100  craters  in  the  region  of  Shrodinger.  So  we  may  conclude  that  the  basin 
Shrodinger  is  relatively  young  basin  in  the  Southern  polar  region.  The  relative  depths 
of  the  craters  which  are  in  the  shadow  in  the  south  pole  region  were  estimated  on  the 
base  of  our  investigations  of  the  main  morphometrical  parameters  of  lunar  craters  of 
different  degree  of  degradation. 


PERIODIC  COMET  SHOWERS  AS  PROBABLE  SOURCE  OF  THE  LUNAR 
VOLATILES 

V.V.Shevchenko  (Sternberg  State  Astronomical  Institute,  Moscow  University,  1 19899 
Moscow,  Russia,  shev@sai.msu.su) 

Albedo  anomalies  -  swirls  on  the  lunar  surface  may  be  considered  to  be  imprints  of 
relatively  recent  cometary  impacts.  Characteristics  and  positions  on  the  lunar  surface 
of  the  swirl  regions  correspond  to  model  of  frequent  giant  "new"  comet  impacts  about 
10  myr  ago.  About  ten  comets  came  into  contact  with  the  Moon  during  time  less  than 
10  myr.  A  such  frequency  of  comet  impacts  may  be  qualifed  as  comet  shower  of  high 
intensity.  It  is  possible  to  calculate  sizes  and  contact  velocities  of  the  comet  bodies 
from  analysis  of  the  swirl  fragments.  The  total  mass  of  the  shock-induced  gases  was 
about  2  milliards  of  megatons.  It  is  equal  to  about  60  megatons  of  the  comet  water  per 
square  kilometer  if  distributed  uniformly  across  the  lunar  surface.  Certainly,  the  ice 
deposits  would  be  remained  into  cold  traps  (permanent  shadowed  areas)  only.  Analysis 
of  lunar  relief  near  south  pole  showed  that  total  area  of  the  cold  traps  in  this  region  is 
about  6300  sq.  km.  Therefore,  the  total  amount  of  ice  deposits  in  the  south  pole  region 
which  could  be  formed  during  last  comet  shower  must  be  about  400  thousands  of 
megatons.  The  total  erosion  loss  of  ice  during  last  10  myr  is  about  600  thousands  of 
tons. 


SEARCH  OF  WATER  ON  THE  MOON 

Yu.Surkov  (1),  L.Moskaleva  (1),  O.Shcheglov  (1),  E.Sheretov  (2) 

(1)  The  Vernadsky  Institute  of  the  Russian  Academy  of  Sciences,  Moscow 
geospace@online.ru/Fax:(7-095)939-01-86 

(2)  Ryazansky  State  Academy  of  Radio  engineering,  Ryazan 

It  is  known  that  inverstigation  of  the  lunar  samples  returned  to  the  Earth  by  American 
and  Soviet  spacecraft  did  not  allow  to  discover  traces  of  water  on  the  Moon.  However 
the  problem  of  existance  of  volatiles  (in  particular  water)  on  the  Moon  in  remote  past 
or  present  is  reserved  for  actuality.  Three  decades  ago  the  possibility  of  existance  of 
water  (ice)  in  permanently  shaded  craters  in  polar  regions  of  the  Moon  was  pointed  out 
by  J.Amold.  The  results  Of  the  Moon  exploration  by  Clementine  (1994)  also  testify  in 
favour  of  that  possibility.  To  resolve  this  problem  the  lunar  polar  lander  was 
developed  in  framework  of  the  proposed  Russian  Luna-Glob  project.  It  is  planed  to 
drop  this  lander  in  the  crater  located  in  the  region  of  South  Pole  of  the  Moon.  The 
lander  has  a  TV-camera,  complex  of  scientific  instruments,  service  equipment, 
radiotransmitter,  RTG  and  other  units.  The  lander  is  intended  to  explore  a  chemical 
composition  and  physical  properties  of  the  lunar  materials  at  the  landing  site  and 
internal  structure  of  the  Moon.  The  neutron  detector  and  mass-spectrometr  will  be 
used  on  the  lander  for  determing  of  water  content  in  the  lunar  rock.  The  lunar  polar 
lander  desing,  its  scientific  payload  and  program  of  operation  on  the  Moon  as  well  as 
expected  results  of  the  Moon  exploration  are  considered  in  the  report. 


LUNAR  IMAGER  /  SPECTROMETER  OF  SELENE  MISSION 


TkmeoMatsunaga(GS^  LISMAVG 
#1.  National  Space  I>veb[)ment  Agency  of  Japan 
#2.  Geological  Survey  tf  Japan 
stakenjit^ficainasdagojp 

SEITINE(SEI  ^nological  and  ENgineering  Explorer),  which  is  the  joint  project  constitute  of 
Space  and  Aeronautical  Science  (ISAS)  and  National  Space  lAvolcpimint  Agmcy  cf  Japan 
(NASDAX  is  gang  to  be  hunched  by  H-1IA  rocket  in 2001 In  this  miain,  to  accumulate 
kntxvledg2  fcr  lunar  science  and  to  investigate  the  feasibility  of  the  mnen  utffizatbn  in  future 
are  aimed  We,  Lunar  Iiivigcn^xxttTxnetGr  (LLSM)  working  group,  haw  studied  feasbflifies 
and  begun  to  design  three  optical  instruments  far  epectreeocpic  and  topograph*:  ofceeivatin 
fcr  this  miaacn:  Spectral  Profiler  (SP),  Multi-bard  Imager  (MI)  and  Terrain  Camera  (TQ.  The 
main  purposes  d  tlxdr  (fcservalions  are  to  stufy  1)  crustal  oumpostxn  and  structure,  2) 


mantle  material,  3)  mare  basalt  vdcanism  and  4)  tectonic  activity  of  the  mcai  SP  obtains 
continuous  spectra  with  high  S/N  ratio  and  accuracy  to  identify  mineral  oompositkxB.  MI  his 


detail.  TC  obtains  the  global  stereo  image  data  with  high  qpatial  reaciutin  of  10  m  /pixel . 


DIGITAL  TERRAIN  MODEL  AT  THE  LUNAR  SOUTH  POLE 
FROM  CLEMENTINE  DATA 

M-Wahhssh.  H.  Hoffmann,  B.  Giese,  J.  Oberst,  U.  Koehler  and  R.  Jaumann 
DLR,  Institute  of  Planetary  Exploration,  D-12484  Berlin,  Germany 

Permanently  shadowed  areas  (maybe  even  containing  water  ice)  probably  exist  at  the 
lunar  south  pole,  as  well  as  areas  that  are  permanently  sunlit.  This  is  one  of  the 
most  interesting  landscapes  for  lunar  exploration,  even  becoming  a  potential  target 
for  ESA's  proposed  Euromoon  lander  mission.  In  order  to  map  the  extent  of  areas  in 
sunlight  or  shadow  we  carried  out  a  topographic  study  of  the  south  polar  area.  We 
identified  4,000  filter  B  images  taken  by  the  Clementine  UVVIS  camera  with  their 
image  footprints  within  latitudes  of  <  -75*  S.  We  found  38  nadir  pointed  frames 
covering  the  area  between  120*-220*  W/  89*-90*  S  suitable  for  stereo  data  processing 
that  show  the  investigated  area  under  different  viewing  angles.  The  stereo  angles 
between  image  pairs  are  less  then  3.6*.  As  a  consequence  the  hight  accuracy  of 
approximately  2  km  is  relatively  poor.  Conjugate  points  and  their  respective 
coordinates  have  been  identified,  and  absolute  elevations  have  been  determined  by 
bundle  block  adjustment  techniques.  We  derived  a  small  digital  terrain  model  (DTM) 
of  about  60  km  by  20  km  with  a  grid  spacing  of  200  m,  covering  parts  of  the 
Eternal  Peak  of  Light  and  the  rim  of  crater  Shakleton.  The  results  indicate  that  the 
highest  elevations  near  the  south  pole  at  180*  W/89.76*  S  are  -3  km  above  the  mean 
lunar  radius.  This  number  is  well  above  the  data  of  current  models.  As  a  consequence 
the  overall  area  in  shadow  could  be  smaller  than  previously  calculated.  Yet  the 
results  do  not  rule  out  permanently  shadowed  areas  within  deep  craters  in  the  vicinity 
of  the  south  pole.  The  topographic  information  derived  from  this  study  possibly  is 
of  great  value  for  future  spacecraft  exploration  of  the  Moon. 
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EXPLOSIVE  VOLCANIC  ERUPTIONS  ON  THE  MOON 


C.  Weitz  and  J.  Head  m  __ 

Dept,  of  Geological  Sciences,  Brown  University,  Providence,  RI  02912 

Although  the  Moon  is  deficient  in  volatiles  compared  to  the  Earth,  its  unique 
environment  has  allowed  even  minor  amounts  of  volcanic  gases  to  produce  a  diverse 
variety  of  pyroclastic  deposits.  Vulcanian  eruptions  produced  deposits  of  low  albedo 
glasses,  like  those  seen  in  Alphonsus  and  Franklin  craters.  These  localized  Dark 
Mantle  Deposits  (DMDs)  are  several  kms  in  size  and  surround  circular  pits  aligned  on 
linear  rilles  on  the  crater  floors.  Other  localized  DMDs  are  associated  with  small 
volcanic  cones  also  aligned  along  linear  rilles,  but  toese  eruptions  are  thought  to  be 
strombolian-style  during  degassing  of  near-surface  dikes  (i.e.  Rima  Parra  V).  Volcanic 
cones,  like  Isis  and  Osiris,  formed  by  degassing  and  minor  eruptions  from  the  upper 
part  of  a  near-surface  dike  where  the  large  clasts  cooled  rapidly  enough  to  produce 
spatter.  We  have  recently  identified  a  160  km  wide  annular  deposit  of  dark  mantle  in 
southern  Orientale  basin.  The  eruption  can  be  modelled  as  degassing  of  a  near-surface 
dike  producing  an  umbrella-shape  plume  and  emplacing  volcanic  glasses  in  an  annular 
deposit  Other  regional  DMDs  that  extend  for  100's  of  kms  are  composed  of  volcanic 
glasses  and  crystallized  beads,  with  the  amount  of  crystallization  in  the  beads 
reflecting  different  optical  densities  in  the  volcanic  plumes.  These  plumes  probably 
resembled  Hawaiian  fire  fountains  except  that  much  smaller  clasts  (<1  mm)  were 
produced  and  expelled  for  100's  km  by  the  expanding  gas  cloud.  Because  the  deposits 
are  large,  unconsolidated,  and  produce  more  oxygen  than  other  lunar  soils  when 
reacted  with  hydrogen,  regional  DMDs  would  make  excellent  sites  for  future  lunar 
bases. 


PS10  Interrelations  between  asteroids,  near-Earth 
asteroids  and  meteorites 


Convener:  Froeschld,  C. 
Co-Convener:  Morbidelli,  A. 


NEAR-EARTH  ASTEROIDS  ASSOCIATED  WITH  METEOR  SHOWERS 
P.B.  Babadzhanov 

Institute  of  Astrophysics,  Tajik  Academy  of  Sciences 
pulat@astro.td.silk.org 

According  to  available  data  among  the  Near-Earth  Asteroids  (NEA)  may  be 
both  former  main  belt  asteroids  and  extinct  comets.  From  the  physical  and 
dynamical  observations  of  NEAs  there  are  no  considerable  differences  between 
asteroids  having  different  origin.  The  important  criterion,  which  can  help  us  to 
determine  the  nature  of  concrete  asteroid  and  identify  it  as  a  "dead”  cometary 
nucleus,  is  the  existence  of  NEA's  observed  meteor  showers.  In  order  to 
establish  the  association  of  NEAs  with  meteor  showers  we  calculated  the 
secular  variations  of  the  orbital  elements  of  22  numbered  NEAs,  10  of  which 
belong  to  the  Taurid  complex,  by  the  Halphen-Goryachev  method  with 
allowance  for  perturbations  from  six  planet  (Mercury-Satum).  Results  of 
calculations  show  that  all  these  asteroids  are  quadruple-crossers  of  the  Earth's 
orbit.  Therefore,  their  possible  meteoroid  streams  may  produce  in  fours  meteor 
showers.  Theoretical  orbits  and  radiant  points  of  these  showers  are  presented 
and  discussed  in  terms  of  meteor  observations.  The  NEAs  are  picked  out  which 
probably  are  extinct  cometary  nuclei. 


DEBIASING  THE  DETECTED  POPULATION  OF  NEOS 

W.  F.  Bottke  (I),  R.  Jedicke  (2),  T.  Spahr  (3)  and  A.  Morbidelli  (4) 

(1)  CRSR,  Cornell  University,  Ithaca,  NY,  14853,  USA,  (2)  LPL,  Univ.  of 
Arizona,  Tucson,  AZ,  85721,  USA,  (3)  Dept,  of  Astronomy,  Univ.  of  Florida, 
Gainsville,  FL,  32611,  USA,  (4)  Obs.  de  la  Cote  d’Azur,  B.P.  4229-,  06034  Nice 
Cedex  4,  France. 

The  known  population  of  NEOs  is  biased  by  observational  selection  (which  fa¬ 
vors  the  discovery  of  objects  approaching  Earth)  and  by  the  brightness  of  the 
objects  themselves.  In  order  to  compensate  for  these  factors,  Jedicke  and  Met¬ 
calfe  (1997,  Icarus,  in  press)  have  developed  a  model-independent,  analytical 
method  for  calculating  the  probability  that  an  asteroid  observation  program 
will  find  a  given  asteroid  in  an  (a,  e,i,  H\  semimajor  axis,  eccentricity,  inclina¬ 
tion,  and  absolute  magnitude)  bin  per  square  degree  at  opposition  at  the  vernal 
equinox.  Using  this  four-dimensional  probability  distribution,  we  can  generate 
the  orbital  distribution  of  a  “debiased”  NEO  population  as  a  function  of  H . 
We  will  compare  this  prediction  to  direct  numerical  integration  results  of  test 
bodies  started  both  in  (a)  the  i/6,  3:1,  and  5:2  resonances  and  (b)  the  orbital 
positions  of  327  known  NEOs.  The  former  reflects  a  probable  route  through 
which  main-belt  ejecta  “resupplies”  the  NEO  population.  The  latter,  while  bi¬ 
ased,  represents  a  known  set  of  NEO-starting  conditions.  Note  that  planetary 
encounters  and  secular/mean-motion  resonances  stir  the  orbital  positions  of 
most  Apollo  and  Aten  asteroids  on  short  timescales  («  I  Myr),  while  most 
Amor  asteroids  are  stable  for  much  longer  timescales  (>  1  Myr).  Preliminary 
results  show  some  success  at  reproducing  the  observed  distribution  of  NEOs. 


ASTEROID  SPECTRA  AND  METEORITE  TYPES 

E.  Dotto  (1,2),  M.A.  Barucci  (1),  A.  Doressoundiram  (1)  and  M. 

Fulchignoni  (1,3) 

(1)  DESPA  -  Observatoire  de  Paris,  France,  (2)  Dip.  di  Fisica,  Universita  di 
Padova,  Italy,  (3)  Universite  “Denis  Diderot”  -  Paris  VII,  France. 

The  asteroid  belt  shows  a  compositional  structure:  the  surface  composition 
of  the  objects  varies  radially  with  heliocentric  distance.  Asteroid  composition 
reflects  a  trend  from  lighter  to  darker  materials,  which  corresponds  to  silicatic 
objects  in  the  inner  part  of  the  belt,  to  bodies  of  carbonaceous  type  in  the 
middle  region,  to  more  primitive  asteroids  in  the  outer  part. 

Most  of  the  progress  in  determining  the  bulk  composition  of  the  asteroids  has 
resulted  from  spectroscopic  studies  of  several  hundred  objects  in  the  visual  to 
near-IR  spectral  range,  so  that  it  has  been  possible  to  classify  them  in  several 
taxonomic  types.  Recent  CCD  spectroscopy  surveys  allow  us  to  have  a  better 
understanding  of  the  compositional  distribution  of  the  population,  and  of  the 
nature  of  asteroid  families.  Moreover,  it  is  possible  to  have  some  hints  on  the 
origin  of  the  group  of  Near-Earth  Asteroids. 

The  research  for  asteroidal  parent  bodies  of  the  various  meteorite  classes  has 
made  a  significant  progress  in  the  last  few  years,  even  though  the  meteorites 
may  represent  an  incomplete  sample  of  the  diverse  range  of  materials  present 
in  the  asteroid  belt. 

An  overview  of  the  last  spectroscopic  results  obtained  on  asteroids  and  on 
asteroid  families,  in  particular  Eos  and  Flora,  will  be  presented.  Their  relation 
with  meteorite  samples  will  be  discussed. 
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DYNAMICAL  INTERRELATIONS  BETWEENS  METEORITES, 
NEAS,  COMETS,  AND  ASTEROIDS 

B.  Gladman 

Canadian  Institute  for  Theoretical  Astrophysics,  University  of  Toronto,  Toronto 
ON,  M5S  3H8  Canada. 
gladmanCcita . toronto . ca 

This  review  discusses  the  dynamical  relationships  between  meteorites,  near- 
Earth  asteroids,  main-belt  asteroids,  and  comets.  The  evolving  understanding 
of  the  dynamics  of  small  bodies  in  the  inner  solar  system,  and  more  detailed 
observations  of  the  physical  and  orbital  characteristics  of  these  bodies  allows 
us  to  try  to  establish  links  between  these  populations.  The  available  data  from 
meteorites  and  near-Earth  asteroids  seems  to  tie  them  to  the  main  belt,  al¬ 
though  some  contribution  from  comets  is  still  possible.  The  issue  of  ‘parent 
bodies’  for  various  meteorite  classes,  or  for  various  spectral  types  of  NEAs, 
looms  large  in  the  field.  An  attempt  will  be  made  to  classify  our  knowledge  of 
these  relationships  into  (1)  facts,  (2)  solid  theories,  (3)  debatable  theories,  and 
(4)  speculation. 


TERRESTRIAL  IMPACT  STRUCTURES;  AN  INCOMPLETE  RECORD  OF  THE 
IMPACT  FLUX  THROUGHOUT  GEOLOGIC  TIME. 

Richard  A.F.  Grieve 

Geological  Survey  of  Canada,  Ottawa,  CANADA 
hnpact@gsc.nrcan.gc.ca 

Approximately  160  terrestrial  impact  structures  are  currently  known,  with  a  discovery 
rate  of  3-5  new  structures  per  year.  They  range  in  age  from  '  2  billion  to  a  few  10’s 
of  thousands  of  years  and  in  size  up  to  *  300  km  in  diameter.  They  represent  a  biased 
sample  with  respect  to  an  originally  much  larger  population  of  impact  structures 
formed  on  the  Earth  throughout  geologic  time.  Due  to  the  effects  of  terrestrial 
processes,  such  as  erosion  and  tectonism,  the  known  sample  is  biased  towards 
younger,  larger  impact  structures  on  relatively  well  characterized  cratronic  areas  of 
the  Earth’s  crust.  These  inherent  biases  must  be  taken  into  account  when  using  the 
known  record  to  make  generalizations  about  the  impact  flux  and  its  character 
throughout  geologic  time.  For  example,  the  known  record  is  sufficient  to  define  an 
average  cratering  rate  of  5.6±2.8  km  a  *'  for  craters  with  diameters  greater  than  20 
km  over  die  past  100  Ma.  It  is  insufficient,  however,  to  unequivocally  determine  if 
this  flux  has  been  constant  over  the  last  ~  3  billion  years,  based  on  comparison  with 
the  lunar  cratering  record.  Similarly,  uncertainties  in  the  accuracy  and  precision  of 
the  ages  of  terrestrial  impact  events,  combined  with  small  numbers  statistics,  preclude 
any  definitive  statements  regarding  periodicity  in  the  terrestrial  impact  flux,  as  has 
been  suggested  based  on  arguments  for  periodic  commentary  showers. 


The  O.C.A.-  DLR  Asteroid  Survey  (O.D.A.S.) 

(+)G.  Hahn  (1),  M.  Hoffmann(l),  S.  Mottola  (1),  G.  Neukum  (1) 

H.  Scholl  (2),  A.  Maury  (2) 

(1)  Institut  f\"ur  Planetenerkundung,  DLR,  Berlin,  Germany, 

(2)  Observatoire  de  la  C\Aote  d’Azur,  Nice,  France 

O.D.A.S.  is  a  dedicated  programme  to  search  for  asteroids  and  comets,  with  special 
emphasis  on  NEO's  within  the  framework  of  the  EUNEASO  project,  in  cooperation 
and  support  of  global  efforts  in  NEO-research,  initiated  by  the  WGNEO  of  the  IAU, 
and  the  Spaceguard  Foundation.  It  is  operated  at  the  90cm  Schmidt-telescope  of  the 
OCA  at  Calem,  north  of  Nice,  France  and  the  DLR  -  Institute  of  Planetary 
Exploration,  Berlin-Adlershof,  Germany.  The  current  system  uses  a  2k  CCD  camera 
in  combination  with  an  automated  asteroid  detection  software  package.  Operated  since 
October  1996,  the  survey  has  discovered  several  NEOs  and  Marscrosser,  and  a  large 
number  of  main-belt  asteroids.  The  used  hardware  and  software  package  will  be 
briefly  described,  as  well  as  the  search  strategy,  analysis  technique  and  operations.  A 
summary  of  results  and  a  future  outlook  of  the  project  will  be  presented.  A  continous 
update  of  recent  discoveries  and  the  observing  statistics  can  be  found  on  the  O.D.A  S 
Webpage  under  URL  http://eam.dlr.de/odas/odas.htm 


MIGRATION  OF  BODIES  TO  THE  EARTH  FROM  THE 
ASTEROID  AND  EDGEWORTH-KUIPER  BELTS 
S.I.  Ipatov 

Institute  of  Applied  Mathematics,  Miusskaya  sq.  4,  Moscow  125047,  Russia. 
ipatovCapp.keldysh.ru/Fax:  [7]  095-972-0737 

More  than  1/6  of  debris  entering  the  5:2  gap  at  eccentricity  e=0.15  can  reach 
the  Earth’s  orbit  in  0.1  Myr.  Bodies  migrate  to  the  gaps  mainly  due  to  mutual 
collisions  of  asteroids.  During  the  age  Tss  of  the  Solar  System,  the  resulting 
variation  in  semimajor  axis  a  caused  by  mutual  gravitational  influence  of  bodies 
in  the  Edgeworth-Kuiper  belt  usually  is  less  than  0.1  AU  for  a  body  in  the 
middle  of  the  belt  and  may  exceed  1  AU  for  a  body  located  in  the  inner  edge 
of  the  belt.  During  Tas  for  one  among  about  ten  beyond-Neptune  (b-N)  bodies, 
there  can  be  jumps  in  a  up  to  several  AU  as  a  result  of  separate  close  encounters. 
Under  the  gravitational  influence  of  planets,  separate  b-N  bodies  can  decrease 
their  perihelion  distances  from  34  to  1  AU  in  several  tens  of  million  years. 
Most  of  Amor  objects  should  have  come  from  the  asteroid  belt.  Perihelia  or 
aphelia  of  bodies  that  collided  with  the  Earth  were  located  mainly  near  the 
Earth’s  orbit.  A  half  of  all  Earth-crossing  objects  (ECOs)  that  colliding  with 
Earth  collide  with  it  within  t  <  5  Myr  after  these  objects  became  ECOs.  The 
average  time  between  impacts  of  1  km  bodies  with  the  Earth  may  not  exceed 
0.1  Myr.  Though  the  distribution  of  observed  small  NEOs  in  orbital  elements 
differs  from  that  of  larger  NEOs,  these  distributions  may  be  almost  the  same 
of  all  small  and  large  actual  NEOs.  This  work  was  supported  by  the  Russian 
Foundation  for  Basic  Research  and  the  Russian  Federal  Program  ” Astronomy”. 


MODELLING  OF  COSMIC  BODIES  FRAGMENTATION 
V.P.  Korobeinikov  and  I.V.  Semenov 

Institute  for  Computer  Aided  Design,  RAS,  Moscow,  Russia,  123056. 
inaproCgla8net.ru/Fax:  [7]  095  250  9554 

Fragmentation  of  cosmic  bodies  such  as  meteoroids,  cometary  fragments  and 
asteroids  in  the  atmosphere  is  studied.  The  velocity  and  ablation  of  the  body 
in  upper  layers  of  the  atmosphere  are  defined  using  the  solution  of  equations 
of  the  physical  theory  of  meteors.  The  aerodynamical  and  inertial  forces  act¬ 
ing  on  the  body  during  its  flight  are  considered.  It  is  supposed  that  stress- 
deformation  state  of  the  body  is  quasystatic  and  it  is  defined  by  numerical 
solution  of  thermo-elastic  equations.  Numerical  methods  are  used  for  the  cal¬ 
culations.  Various  fragmentation  criteria  are  used  and  corresponding  values  of 
accelerations  at  fragmentation  heights  are  determined.  Basic  calculations  are 
made  for  modelling  of  flight  and  fracture  of  icy  body  (Tunguska  body)  and 
metallic  (Sikhote-Alin)  meteorite.  The  simple  model  of  impact  of  the  body  on 
the  Earth  surface,  covered  by  water  layer,  is  also  developed.  The  cosmic  body  is 
simulated  by  sand,  icy,  metallic  plates,  cylinders  and  spheres.  The  parameters 
of  all  media  are  obtained  for  initial  stage  of  the  impact  process.  The  numerical 
solution  is  made  by  finite-difference  method. 


AN  EVIDENCE  OF  THE  EXISTENCE  OF  CIRCUMSOLAR  RING  OF  DUST 
PARTICLES  NEAR  THE  EARTS‘S  ORBIT  FROM  GROUND  BASED 
OPTICAL  OBSERVATIONS 

Nino  Mateshvili(AAO),  Giuli  Mateshvili  (AAO) 

(AAO)Abastumani  Astrophysical  Observatory,  Abastumani,  Republic  of  Georgia 

e-mail:phys@sun20.hepi.edu.ge,  mate@dtapha.kheta.ge 

fax:995-32-001153 

The  existence  of  the  circumsolar  asteroidal  dust  ring  near  the  Earth's  orbit  have  been 
derived  from  IRAS  and  COBE  measurements  (Dermott  et  al.,1993).  According  to 
this  model  Earth  nears  a  denser  part  of  the  ring  once  a  year,  in  the  autumn  monthes. 
This  should  have  an  effect  on  the  annual  variation  of  atmospheric  influx  of 
the  sporadic  meteor  dust.  We  have  analysed  our  long  term  phonometric  data  obtained 
in  Abastumani  astrophysical  observatory  by  means  of  the  twilight  sounding  method. 
The  resulting  annual  curves  of  air  turbidity  at  different  altitudes  of  the  meteoric  zone 
of  the  upper  atmosphere  show  clear  autumn  maximum  with  the  turbidities  2  to 
3  times  higher  than  that  of  the  other  seasons.  The  typical  height  distributions  of  the 
air  turbidities  of  different  seasons  are  also  obtained.  The  dust  particles  responsible 
for  light  scattering  within  0.3  to  1  mkm  spectral  region  where  our  observations  had 
been  carried  out  should  be  mainly  of  <  1  mkm  diameter.  Dermott,  S.F.,  Durda  D.D., 
Gustafson  A.S.,  Jayaraman  S.,  Liou  J.C.  &  Xu  Y.L.:  1993. Asteroids,  Comets! 
Meteors.  Mitani  A.  et  al.(eds). 
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METEOR  DUST  PARTICLES  IN  THE  EARTH’S  UPPER  ATMOSPHERE  AND 
CIRCUMTERRESTRIAL  SPACE  BY  TWILIGHT  OBSERVATIONS 

Iuri  Mateshvili(AAO),  Giuli  Mateshvili  (AAO) 

(AAO)Abastumani  Astrophysical  Observatory,  Abastumani,  Republic  of  Georgia 

e-mail:phys@sun20.hepi.edu.ge,  mate@dtapha.kheta.ge 

fax:995-32-001153 

The  twilight  sky  photometry  in  visual  region  of  scattered  sunlight  spectrum  gives 
possibility  to  obtain  rather  regularly,  and  thus  to  follow  its  time  behaviour,  the 
vertical  distribution  of  air  turbidity  in  20  to  300  km  height  interval  for  which  faint 
low  density  dust  particles  of  <lmkm  diameter  are  believed  to  be  mainly  responsible. 
Those  particles  are  scarcely  detectable  by  radars.  We  have  found  from  our  twilight 
data  obtained  during  1960-1990  period  that  strong  rise  of  air  turbidity  at  altitudes 
above  60  km  takes  place  during  the  periods  of  action  of  Quadrantids,  Lyrids,  Eta 
Aquarids,  Perseids,  Orionids,  Geminids  meteor  showers.  In  the  period  of  action  Eta 
Aquarids  of  1 987,  in  particular,  a  dust  layer  with  peak  turbidity  as  high  as  ~20 
formed  at  1 10  km  height  and  another,  less  intense  one,  at  70  km.  A  sequence  of  17 
observations  gave  an  opportunity  to  determine  the  descending  velocities  of  the  layers 
and,  from  these,  to  evaluate  the  sizes  of  dust  particles  as  0.1  tolmkm.  The  influx  into 
the  atmosphere  of  background  dust  particles  related  with  sporadic  meteors  as  well  as 
the  existence  of  higher  light  scattering  regions  at  170,  200,  250  and  280  km  are  also 
revealed. 


DYNAMICAL  EVOLUTION  OF  NEAR-EARTH  ASTEROIDS 
P.  Michel 

Osservatorio  Asronomico  di  Torino,  10025  Pino  Torinese  (TO),  Italy. 
michel0otoax4 .  to .  astro .  it /Fax:  0039-1 1-8101930 

Numerical  integrations  of  orbits  of  Near-Earth  Asteroids  (NEAs)  on  several 
millions  of  years  as  well  as  the  development  of  semi-analytical  methods  have 
allowed  to  increase  our  knowledge  on  the  dynamics  of  this  population.  Most  of 
NEAs  come  from  the  main  belt  of  asteroids  through  mean  motion  resonances 
with  Jupiter  or  secular  resonances  but  many  uncertainties  remain  concerning 
their  exact  origins  and  parent  bodies.  In  the  terrestrial  planet  region  (semima¬ 
jor  axes  o  <  2  AU),  it  has  been  found  that  their  orbits  are  not  only  changed 
by  close  encounters  with  planets,  but  that  they  can  also  be  affected  by  reso¬ 
nances.  Mean  motion  resonances  with  inner  planets  and  the  Kosai  resonance 
provide  protection  mechanisms  from  close  approaches.  Secular  resonances  are 
all  present  and  those  with  the  inner  planets  provide  efficient  mechanisms  of 
transport  to  different  orbital  eccentrities/inclinations.  Their  effect  is  greatly 
increased  in  the  sones  where  two  of  them  overlap.  Some  peculiar  mechanisms 
can  also  occur  such  as  the  interaction  of  the  Kosai  and  secular  resonances  in¬ 
side  horseshoe  orbits  with  inner  planets.  Finally  different  dynamical  classes  in 
the  Mars-crossing  population  have  been  established  and  have  confirmed  the  ( 
determinant  role  of  resonances  in  the  transport  of  these  objects  to  the  Earth  or 
to  high  inclinations.  Taking  into  account  all  these  mechanisms,  dedicated  stud¬ 
ies  to  the  dynamical  lifetime,  orbital  distribution  and  collisional  probability  of 
NEAs  with  planets  can  now  lead  to  better  estimates  and  are  in  progress. 


CHAOTIC  DIFFUSION  AND  THE  ORIGIN  OF  NEA’s 
D.  Nesvorny 

Observatoire  de  la  Cote  d’Azur,  B.P.  4229  -  Nice  Cedex  4,  France 
david®obs-nice.fr/Fax:  +(0)4-9209*3033 

The  short  dynamic  half-life  (~  10  Myr)  of  the  near-Earth  asteroids  (NEAs) 
implies  a  large  flux  of  the  objects  coming  from  the  main  belt.  The  chaotic 
diffusion  in  the  main  mean-motion  resonances  with  Jupiter  and  in  the  secular 
resonance  v$  furnishes  one  of  the  possible  explanations  of  this  flux,  but,  as  it 
has  been  shown  by  Gtadmann  et  at:  (1997,  Science  277),  the  fragments  injected 
into  these  resonances  by  the  asteroid al  collisions  do  not  provide  a  sufficiently 
powerful  source.  In  order  to  explain  the  presumptionally  steady-state  NEAs 
population,  the  above  mechanism  needs  much  more  collisions  in  the  asteroidal 
belt  than  it  is  inferred  from  the  observational  data. 

An  alternative  solution  of  this  problem  may  be  based  on  the  coupled  effect  of 
the  higher-order  mean-motion  resonances  and  of  the  mixed  resonances  with  the 
resonant  angle: 

a  =  (p  +  q  +  r)Xj  —  pX  —  ?C7  -  r\s  , 

where  A,  Xj ,  Xs  are  the  mean  longitudes  of  asteroid,  Jupiter  and  Saturn,  w  is 
the  asteroid  perihelion  longitude,  and  p,  q,  r  are  integers.  These  later  resonances 
have  an  advantage  that  they  are  quite  dense  and  although  being  relatively  small 
in  size  (<  5  x  10~3  AU),  they  fill  a  significant  portion  of  the  phase  space. 

In  the  presented  work,  we  first  constructed  a  simple  analytic  model  of  the 
mixed  resonances,  which  allowed  us  to  compute  their  position,  approximate 
size  and  the  time  scale  of  the  <r-oscillations,  and  then  we  checked  the  results 
by  the  numerical  simulations  (combining  runs  of  real  and  fictive  asteroids, 
maximum  Lyapunov  indicator  computation  and  the  frequency  analysis).  It 
may  be  conjectured  that  these  resonances  constitute  the  alternative  routes 
from  the  main  belt  to  NEAs,  to  those  pointed  out  in  Gladmann  et  at. 


3352  McAuliffe:  Orbit  and  physical  model  of  the  DS-1 
target  asteroid 

J.  Oberst.  S.  Mottola,  G.  Hahn,  A.  Hams,  B.  Giese,  R.  Wagner  (DLR 
Institute  of  Planetary  Exploration,  Berlin,  Germany),  R.  Nelson  (Jet 
Propulsion  Laboratory,  Pasadena,  California),  and  the  DS-1  Science 
Team. 

The  Deep  Space  One  (DS-1)  mission  is  scheduled  for  a  historic  first 
encounter  with  a  Near-Earth  Object,  3352  McAuliffe,  on  January  20, 
1999.  Images  obtained  during  the  flyby  will  allow  us  to  determine 
global  shape,  rotational  parameters,  regional  topography,  and  spectral 
properties  of  the  target.  The  object,  approx.  1.5  km  in  diameter, 
tentatively  defined  to  be  an  S-type  asteroid,  currently  approaches  the 
Sun  (a=1.87  AU,  e=0.365,  i=4.78°)  and  will  become  visible  to 
potential  observers  beginning  next  summer.  As  little  data  are  hitherto 
available,  we  suggest  that  international  observational  campaigns  should 
be  initiated  to  derive  or  refine  the  pre-encounter  physical  model  of  the 
object  and  herewith  to  support  mission  planning  for  DS-1  and  science 
analysis  of  post-encounter  image  data. 


PLANETARY  COLLISION  PROBABILITY  FOR 
SINGLE-APPARITION  ASTEROIDS 

K.  Muinoneu  (1,2),  J.  Virtanen  (2)  and  E.  Bowell  (3) 

(1)  Astronomical  Observatory,  Box  515,  S-75120  Uppsala,  Sweden,  (2)  Ob¬ 
servatory,  P.O.  Box  14,  FIN-00014  University  of  Helsinki,  Finland,  (3)  Lowell 
Observatory,  1400  West  Mars  Hill  Road,  Arizona  86001,  U.S.A., 
Karri.MuinonenCHelsinki.Fi/Fax:  [358]  (0)9  19122952 
We  have  defined  the  collision  probability  for  planet-crossing  asteroids  using  the 
Bayesian  orbital  a  posteriori  probability  density  at  a  given  epoch  (Muinonen 
and  Bowell  1993,  Icarus  104,  255).  On  a  given  time  interval,  it  is  the  six¬ 


dimensional  phase-space  integral  of  the  probability  density  over  those  orbital 
elements  that  allow  the  asteroid  to  collide  with  the  planet.  For  multi-apparition 
near-Earth  asteroids,  the  linear  approximation  and  a  Monte  Carlo  method  can 
be  used  for  computing  the  collision  probability,  and  there  are  methods  to  de¬ 
rive  approximate  bounds  (Muinonen  1996,  Mem.  Soc.  Astron.  It.  67,  999)  ■ 
typically,  the  collision  probabilities  are  found  to  be  smaller  than  10-10  with 
X  >  1.  For  single- apparition  asteroids,  the  collision  probability  computation 
becomes  challenging  because  of  the  extreme  indeterminacy  of  the  orbits:  for 
example,  a  single  set  of  astrometric  observations  can  allow  simultaneous  Aten- 
type,  Hilda-type,  and  cometary  orbital  solutions.  Nevertheless,  based  on  the  a 
posteriori  probability  density,  we  outline  approximate  bounds  for  the  planetary 
collision  probability  of  single-apparition  asteroids. 


ON  THE  ORBITS  OF  /3-METEORIDS,  0  >  1 
K.  Scherer 

Max-Planck-Institut  fur  Aeronomie,  37191  Katlenburg-Lindau,  Germany. 
The  solar  radiation  pressure  on  sub-micrometer  sized  dust  particles  can  exceed 
or  even  be  larger  than  the  gravitational  attraction  of  the  Sun.  Both  forces  are 
proportional  to  the  square  of  the  distance,  but  with  opposite  signs.  Hence,  if 
the  radiation  pressure  becomes  the  dominant  force  acting  on  the  dust  grain, 
the  equation  of  motion  will  change  sign,  and  the  orbits  of  the  dust  grain  are  no 
longer  Keplerian.  The  type  of  these  orbits  as  well  as  the  distribution  of  such 
/?-  meteoroids  (0  >  1)  will  be  studied  and  first  results  will  be  presented. 
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COMPARATIVE  STUDY  ”P  -  D”  RELATION  FOR  THE  MAIN 
BELT  AND  NEAR-EARTH  ASTEROIDS 

E.  I.  Timoshkova 

Institute  of  Theoretical  Astronomy,  Nab. Kutuzova  10,  St. Petersburg,  191187 
Russia. 

11060ita.spb.su/Fax:  [7  812]  272  7968 

Up  to  now  many  significant  correlations  between  the  various  physical  and  dy¬ 
namical  parameters  were  found  for  the  different  asteroid  populations.  The  aim 
of  this  paper  is  to  study  the  relation  between  the  rotation  periods  P  and  diam¬ 
eters  D  for  the  main  belt  asteroids  with  known  P,  D.  For  a  search  of  connec¬ 
tions  for  the  correlation  a  useful  technique  of  the  computation  of  correlation 
coefficients  R(D,  P)  is  applied.  The  coefficients  R(DtP)  are  calculated  for  all 
asteroids  simultaneously  in  one  sample  and  for  the  different  groups.  No  sig¬ 
nificant  correlation  is  evident  for  the  whole  asteroid  sample.  But  it  is  found 
that  the  sub-groups  of  asteroids  exist  with  the  large  value  of  R(D,  P).  For  the 
such  sub-groups  the  linear  rotational  velocities  on  asteroid  equator  are  near 
constant. 

The  comparative  analysis  of  the  derived  results  and  my  previous  study  of  nP— 
D”  relation  for  the  near-Earth  asteroids  is  presented.  The  correlation  between 
various  orbital  parameters  for  the  populations  under  investigation  are  discusses 
too. 


YARKOVSKY  THERMAL  EFFECTS  AS  A  SOURCE  OF  MOBILITY  FOR 
ASTEROIDAL  FRAGMENTS 

D.  Vokrouhlicky 

Institute  of  Astronomy,  Charles  University,  Prague 
vokrouhl@beba.  cesnet.cz/Fax:  +420  2  688  50  95 

The  idea  of  the  thermal  effects,  consisting  of  a  recoil  force  of  the  thermally 
reemited  solar  radiation,  appeared  about  a  century  ago.  However,  a  deeper 
understanding  of  their  dynamical  role  in  the  solar  system  has  been  achieved 
only  recently.  Most  importantly,  two  distinctive  modes  of  the  thermal  effects  - 
“diurnal”  and  “seasonal”  -  were  recognized  and  carefully  discussed.  The  diur¬ 
nal  version  causes  random  changes  of  the  semimajor  axis  with  a  characteristic 
time  of  the  spin  axis  collisional  reorientation.  On  the  other  hand,  the  seasonal 
version  leads  always  to  the  orbital  decay.  The  former  is  essential  for  the  meter- 
size  stone  fragments  and  the  larger-size  objects  covered  with  regolith.  The 
latter  turns  out  to  be  most  efficient  for  about  lO-meter  sized  stones  and  about 
30-meter  iron  rich  objects.  The  variety  of  the  thermal  effects  thus  promises  to 
solve  several  important  puzzles  of  meteorite  science,  especially  the  problem  of 
the  cosmic  exposure  rates. 


PS11  Observation  of  solar-system  objects  with  ISO 

Convener:  Encrenaz,  T. 

Co-Convener:  Gain,  E. 


Sponsorship:  ESA  (European  Space  Agency) 


SPECTROSCOPIC  RELATIONSHIPS  BETWEEN  MAIN  BELT 

ASTEROIDS  AND  NEAR  EARTH  ASTEROIDS 

V.Zappala 

Osservatorio  Asronomico  di  Torino,  10025  Pino  Torinese  (TO),  Italy. 

In  the  very  recent  years  dynamical  studies  on  the  evolution  of  NEAs  allowed 
to  understand  the  importance  of  the  main-motion  and  secular  resonances  as 
the  major  routes  to  “jump”  from  the  main  belt  to  the  inner  planets  region.  In 
order  to  supply  objects  into  the  resonances  it  is  necessary  for  the  most  that 
catastrophic  breakups  among  asteroids  occur  quite  close  to  the  resonance  bor¬ 
der,  leading  to  an  important  injection  of  fragments  inside  the  caothic  zone.  In 
principle,  any  asteroid  close  enough  to  the  resonance  can  be  the  Parent  Body 
of  fragments  of  different  size,  from  meteorites  to  km-size  objects.  However,  in 
order  to  give  a  real  connection  between  the  Parent  Body  and  the  present  pop¬ 
ulation  of  NEAs  it  is  strongly  necessary  to  find,  when  possible,  a  kind  of  com¬ 
positional  “flag”,  which  might  allow  to  extract  among  the  main-belt  objects 
the  most  probable  birth-place  of  a  given  NEA  asteroid  or  meteoritical  sam¬ 
ple.  Spectroscopic  studies  of  NEAs,  asteroid  families,  as  well  as  single  objects 
“well”  placed  with  respect  to  the  resonances,  have  already  evidenced  strong 
connections  between  Vesta  and  the  Eucrites  and  the  V-type  NEAs;  interesting 
similarities  have  been  also  found  between  Hebe  and  the  ordinary  chondrites, 
the  Eos  family  and  some  kind  of  carbonaceous  meteorites,  and  possibly  be¬ 
tween  the  Maria  family  and  some  “giants”  NEAs  like  Eros  and/or  Ganymed  as 
well  as  with  a  certain  kind  of  ordinary  chondrites.  Further  and  very  promising 
studies  are  in  progress. 


OBSERVATION  OF  THE  ZODIACAL  LIGHT  WITH  ISO 
P.  AbrahAm,  Ch.  Leinert  and  D.  Lemke 
Max-Planck-Institut  fur  Astronomie,  Heidelberg,  Germany. 
abrahamCmpia-hd.mpg.de/Fax:  [49]  6221  528356 

After  reviewing  our  knowledge  on  the  Zodiacal  Dust,  derived  from  earlier  broad¬ 
band  photometry  in  the  infrared  (rocket/balloon-borne  experiments,  IRAS, 
COBE),  we  point  out  the  fields  where  ISO  could  contribute  to  this  knowledge 
significantly.  We  summarize  the  status  of  the  ISOPHOT  and  ISO  CAM  observ¬ 
ing  programmes,  and  discuss  the  first  results.  The  main  emphasis  is  on  the 
spectrophotometry  of  the  Zodiacal  emission  in  the  6-16  um  range,  performed 
by  both  ISOCAM-CVF  and  ISOPHOT-S.  The  ISO  spectrum  is  compared  with 
the  spectrum  observed  by  the  IRTS  satellite,  and  by  synthetic  spectra  of  dif¬ 
ferent  mixtures  of  minerals.  The  most  striking  feature  of  the  observed  Zodiacal 
Light  spectrum  is  its  remarkable  smoothness. 
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THE  INFRARED  SPECTRUM  OF  COMET  HALE-BOPP  OB¬ 
SERVED  BY  ISO 

D.  Bockelee-Morvan  (1),  J.  CrovisieY  (1),  K.  Leech  (2),  T.Y.  Brooke  (3), 
M.S.  Hanner  (3),  B.  Altieri  (2),  H.U.  Keller  (4),  E.  Lellouch  (1)  and  T.  Lim  (2,5) 
(1)  Observatoire  de  Paris,  Meudon,  France,  (2)  ISO  Science  Operations  Centre, 
Astrophysics  Division  of  ESA,  Villafranca,  Spain,  (3)  Jet  Propulsion  Labora¬ 
tory,  Pasadena,  USA,  (4)  MPI  fiir  Aeronomie,  Katlenburg-Lindau,  Germany, 
(5)  Queen  Mary  and  Westfield  College,  London,  UK. 

Spectra  of  comet  C/1995  01  (Hale-Bopp)  were  observed  at  medium  resolution 
with  PHT-S  and  at  high  resolution  with  the  long-  and  short-wavelength  spec¬ 
trometers  of  the  Infrared  Space  Observatory  on  September-October  1996,  when 
the  comet  was  at  about  3  AU  from  the  Sun.  For  the  first  time,  a  high-resolution 
spectrum  of  a  comet  covering  the  entire  2.4  to  200  pm  spectral  range  was  ob¬ 
tained.  The  vibrational  bands  of  water,  carbon  dioxide  and  carbon  monoxide 
are  detected  in  emission  with  PHT-S,  as  expected  from  molecular  fluorescence 
models.  Relative  production  rates  of  100:22:70  are  derived  for  H20:C02:C0. 
H2O  is  observed  at  high  spectral  resolution  in  the  group  of  bands  around 
2.7  pm,  the  v2  group  around  6  pm  with  SWS,  and  in  several  rotational  lines 
with  LWS.  The  rovibrational  lines  of  the  1/3  band  are  observed  with  a  high  S/N. 
This  allows  accurate  determinations  of  the  water  rotational  temperature  and  of 
its  ortho-to-para  ratio.  Longward  of  6  pm,  the  spectrum  is  dominated  by  dust 
thermal  continuum  emission,  upon  which  broad  emission  features  are  super¬ 
imposed  whose  wavelengths  correspond  to  those  of  Mg-rich  crystalline  olivine 
(forsterite).  The  comet  was  to  be  observed  again  at  the  end  of  December  1997. 


OBSERVATIONS  OF  NEPTUNE  WITH  ISO/LWS 

M.  J.  Burgdorf  (1),  G.  R.  Davis  (2),  M.  J.  Griffin  (3),  P.  G.  Oldham  (3), 
B.  M.  Swinyard  (4),  G.  S.  Orton  (5),  P.  A.  R.  Ade  (3),  D.  A.  Naylor  (6),  Th. 
Encrenas  (7),  Th.  de  Graauw  (8)  and  E.  Lellouch  (7) 

(1)  VILSPA,  Spain,  (2)  U.  Saskatchewan,  Canada,  (3)  Queen  Mary  and  West- 
field  College,  England,  (4)  Rutherford  Appleton  Laboratory,  England,  (5)  Jet 
Propulsion  Laboratory,  USA,  (6)  U.  Lethbridge,  Canada,  (7)  Observatoire  de 
Paris,  France,  (8)  SRON,  Netherlands. 
mburgdorOiso.vilBpa.asa.as/Fax:  [34]  1  8131  353 

We  report  on  the  results  from  observations  of  Uranus  and  Neptune  obtained 
with  the  ISO  Long  Wavelength  Spectrometer  (LWS)  during  the  routine  phase 
of  the  mission.  Narrow  band  photometry  was  performed  at  ten  wavelengths 
between  46  pm  and  178  pm  and  spectra  were  obtained  with  a  resolution  of 
0.29  pm  from  43  pm  to  90pm  and  of  0.6  pm  from  90  pm  to  197  pm.  A  high 
signal  to  noise  ratio  was  achieved  by  combining  the  data  of  many  identical 
calibration  observations. 

Both  Uranus  and  Neptune  have  smoothly  varying  continuum  spectra.  The 
brightness  temperature  of  Neptune  lies  between  58.3  K  and  60.7  K  in  the 
observed  wavelength  range,  using  a  model  by'  Griffin  and  Orton  as  standard 
for  Uranus.  The  surface  brightness  ratio  of  Neptune  with  respect  to  Uranus 
amounts  between  60  pm  and  160  pm  constantly  to  0.97  except  near  100  pm 
where  it  exceeds  1.00. 


ANALYSIS  OF  THE  COMET  ARY  DUST  ENVIRONMENT  BY  MEANS  OF 
ISOCAM  IMAGING 

L.  Colangeli  (1),  E.  Epifani  (1),  M.  Fulle  (2),  V.  Mennella  (1),  P.  Palumbo  (3),  A. 
Rotundi  (3),  E.  Bussoletti  (3) 

(1)  Osservatorio  Astronomico  di  Capodimonte,  Napoli,  (2)  Osservatorio  Astronomico 
di  Trieste,(3)  Istituto  Universitario  Navale,  Napoli. 


ISO  OBSERVATIONS  OF  URANUS:  THE  STRATOSPHERIC 
DISTRIBUTION  OF  C2H2  AND  THE  EDDY  DIFFUSION  COEF¬ 
FICIENT 

S.  K.  Atreya  (1),  Th.  Encrenaz  (2),  B.  Bezard  (2),  H.  Feuchtgruber  (3), 
E.  Lellouch  (2),  J.  Bishop  (4),  S-  Edgington  (1),  Th.  de  Graauw  (5),  G.  R. 
Davis  (6)  and  M.  F.  Kessler  (3) 

(1)  Univ.  of  Michigan,  USA,  (2)  DESPA,  Obs.  de  Paris,  France,  (3)  ISO  Science 
Op.  Center,  ESA,  Madrid,  Spain,  (4)  Computational  Physics  Inc.,  Virginia, 
USA,  (5)  SRON,  Groningen,  NL,  (6)  Un.  of  Saskatchewan,  Canada. 

The  infrared  spectrum  of  Uranus  has  been  recorded  between  7  and  16.5  pm 
with  the  grating  mode  of  the  Short-Wavelength  Spectrometer  of  ISO,  with 
a  resolving  power  of  1500.  The  6-12  pm  spectrum  of  Uranus  has  also  been 
recorded  at  lower  resolution  (R=90)  by  the  spectroscopic  mode  of  the  PHOT 
instrument.  The  spectra  show  no  signatures  other  than  the  C2H2  band  centered 
at  13.7  pm.  The  C2H2  band  can  be  fitted  with  a  mean  stratospheric  mixing 
ratio  of  3  10' 8 ;  this  value  refers  to  the  1-100  pbar  pressure  range.  From  the 
absence  of  emission  in  the  region  of  the  CH4  7.7  pm  band,  and  from  the  C2H2 
fits  using  a  photochemical  model,  an  estimate  of  the  eddy  diffusion  coefficient 
can  be  retrieved.  Preliminary  calculations  indicate  a  very  low  value  of  this 
coefficient  (between  103  and  104  cmV1  at  the  homopause).  This  result  is 
consistent  with  the  values  previously  derived  at  the  limb  by  the  Voyager  UV 
occultation  experiments. 


ISO  OBSERVATIONS  OF  ASTEROIDS 

M.A.  Earned  (1),  J.  Crovisicr  (2),  A-  Doressoundiram  (1),  E.  Dotto  (1,3), 
Th.  Encrenaz  (1),  M.  Fulchignoni  (1,4),  R.F.  Knackc  (5)  and  E.  Lellouch  (1) 
(1)  DESPA  •  Obaervatoire  de  Paris,  France,  (2)  ARPEGES  Observatoire  de 
Paris,  France,  (3)  Dip.  di  Fisica,  Universitk  di  Padova,  Italy,  (4)  University 
MDenis  Diderot”  -  Paris  VI T,  France,  (5)  Penn.  State  University,  Erie,  Penn., 
USA. 

ISO  observations  of  asteroids  have  been  performed,  with  PHT-P,  PHT-S  and 
SWS,  to  better  understand  the  surface  composition  of  asteroids  and  to  improve 
the  knowledge  of  their  origin  and  evolution. 

Three  different  programs  of  ISO  observations  have  been  carried  out  on  16  aster¬ 
oids.  The  first  one,  pari  of  the  central  program  “Observations  of  Galilean  satel¬ 
lites  and  asteroids  with  ISO” ,  includes  the  PHOT-40  observations  of  big  aster¬ 
oids.  The  second  is  “Dark,  volatile-rich  asteroids:  possible  relation  to  comets” 
which  includes  observations  with  PHOT-03  and  PHOT-40  for  dark  and  prim¬ 
itive  asteroids.  Four  of  them  (10  Ilygiea,  114  Kassandra,  308  Polyxo  and  624 
Hektor)  have  been  also  observed  with  SWS.  The  third  program  is  “Rosetta 
target  asteroids”  which  includes  observations  with  PHOT-03  and  PROT-40 
for  3840  Mimistrobell,  the  first  target  of  the  ESA  Rosetta  mission. 

The  6-12  pm  part  of  the  spectrum  has  been  fitted  with  a  black-body  curve  for 
ail  the  observed  asteroids  and  the  temperature  has  been  computed  for  all  ob¬ 
jects.  A  thermal  model  has  been  applied  to  these  thermal  infrared  observations 
to  determine  the  diameter  and  the  albedo.  The  obtained  results  and  spectral 
analysis  will  be  presented  and  discussed - 


OBSERVATIONS  OF  HYDROCARBONS  IN  THE  GIANT  PLAN¬ 
ETS  WITH  ISO-SWS 
B.  Bezard 

Observatoire  de  Paris,  Section  de  Meudon,  F-92195  Meudon,  France. 
Bmno.BezardCobspm.fr/Fax:  [33]  1  45  07  28  06 

The  Short  Wavelength  Spectrometer  (SWS)  of  the  Infrared  Space  Observatory 
(ISO)  recorded  spectra  of  the  four  giant  planets  at  a  resolving  power  of  ~1500. 
On  Jupiter,  Saturne,  and  Neptune,  the  7-16.5  /im  range  exhibits  prominent 
emission  bands  from  CH4  (and  its  deuterated  isotope  CH3D),  C2H6  and  C2H2. 
On  Uranus,  only  C2H2  emission  is  detected  in  this  spectral  range.  Analyses  of 
the  spectra  yield  constraints  on  the  abundance  profiles  of  these  hydrocarbons. 
In  addition,  on  Saturn,  methylacetylene  (CH3C2H),  diacetylene  (C4H2),  and 
possibly  benzene  (C6H6)  have  been  detected  for  the  first  time.  On  Neptune, 
methyl  radical  (CH3),  a  direct  product  of  methane  photolysis,  has  also  been 
detected.  I  will  review  the  existing  observations  and  the  information  derived 
from  preliminary  analyses. 


Comets  are  considered  the  link  between  diffuse  interstellar  medium  and  solar  system 
since  they  contain  a  significant  fraction  of  proto-solar  unprocessed  material.  This  is 
why  they  are  primary  targets  for  studies  of  astronomers  and  planetologists.  The 
Infrared  Space  Observatory  represents  a  unique  opportunity  to  explore  comets  and 
their  solid  component  in  particular,  at  wavelengths  not  easily  accessible  from  ground. 
In  this  work  we  present  the  results  of  broad-band  imaging  obtained  by  ISOCAM  in 
the  filters  centered  at9.62  (LW7),  1 1.5  (LW10)  and  15.00  microns  (LW3).  The  target 
comets  are:  65P/Gunn,  46P/Wirtanen,  2P/Encke  and  103P/Hartley  2.  Aim  of  the 
project  is  to  analyse  the  coma  and  tail  dust  environment  and  to  search  for  trails. 
Appropriate  models  are  applied  to  the  images  to  trace  backwards  in  time  the  dynamic 
evolution  of  dust.  This  approach  allows  us  to  set  constraints  bn  relevant  cometaiy 
parameters,  such  as  velocity  dependence  on  size  and  time,  dust  loss  rate  and  size 
distribution,  and,  thus,  to  improve  our  capabilities  of  understanding  and  simulating 
comet  evolution.  This  is  a  primary  objective  to  be  achieved  in  theview  of  future 
cometaiy  exploration  by  space  missions,  such  as  ROSETTA. 
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THE  5-TO-7  MICRON  SPECTRUM  OF  TITAN 

R.  Courtin  (1),  E.  Lellouch  (1),  F.  Billebaud  (2),  P.  Claes  (3)  and  K.  Noll  (4) 
(1)  DESPA-CNRS,  Observatoire  de  Paris,  Meudon,  France,  (2)  Observatoire 
de  Bordeaux,  Floirac,  France,  (3)  ESA-Space  Science  Department,  ISO-SOC, 
Vilspa,  Spain,  (4)  Space  Telescope  Science  Institute,  Baltimore,  MD,  USA. 

The  spectrum  of  Titan  was  measured  with  the  Short  Wavelength  Spectrograph 
in  the  1430-1900  cm-1  (or  5. 3-7.0  /xm)  region.  Despite  the  very  low  level  of 
flux  -  less  than  3  Jy  -  adequate  signal-to-noise  was  reached  at  least  below 
1580  cm”1  (or  above  6.3  /xm),  a  region  that  has  already  been  explored  by  the 
Voyager  IRIS  experiment.  Preliminary  processing  of  the  data  shows  good  con¬ 
sistency  with  the  IRIS  results  in  that  domain,  in  particular  the  presence  of  the 
prominent  V3-1/4  emission  band  of  CH4  centered  at  1540  cm”1,  and  a  much 
broader  emission  feature  at  1440-1480  cm”1  probably  associated  with  several 
stratospheric  emitters.  This  part  of  the  spectrum  corresponds  to  the  very  edge 
of  the  thermal  regime  in  Titan’s  atmosphere.  It  is  regulated  both  by  photo¬ 
chemical  haze  particles  and  by  molecular  species  present  in  the  stratosphere. 
Modeling  results  will  be  compared  to  both  the  ISO/S WS  and  Voyager/IRIS 
data  sets.  Above  1600  cm-1  (or  below  6.2  /xm),  one  expects  a  sharp  transition 
into  the  solar-reflected  regime,  with  a  significant  contribution  from  the  sur¬ 
face  to  the  global  reflectivity  of  Saturn’s  moon.  Further  data  processing  is  in 
progress  in  order  to  bring  out  this  scientifically  important  component. 


TITAN  THERMAL  EMISSION  FROM  ISO  OBSERVATIONS 

A.  Coustenis  (1),  Th.  Encrenaz  (1),  A.  Salama  (2),  E.  Lellouch,  D.  Gau¬ 
tier  (1),  M.  F.  Kessler  (2),  Th.  de  Graauw  (3),  R.  E.  Samuelson  (4),  G.  L. 
Bjoraker  (4),  G.  Orton  (5)  and  R.  Wittemberg  (1) 

(1)  DESPA,  Paris-Meudon  Observatory,  FRANCE,  (2)  ISO  Science  Op¬ 
eration  Center,  Madrid,  Spain,  (3)  SRON,  Groningen,  The  Netherlands, 
(4)  NASA/GSFC,  Greenbelt,  MD,  USA,  (5)  JPL,  Pasadena,  CA,  USA. 
coustenisCobspm.fr/Fax:  [331]  45  07  74  69 

Observations  of  Titan  in  the  thermal  infrared  were  performed  by  ISO,  using 
the  Grating  and  the  Fabry-Perot  modes  of  SWS  in  the  2-45  /im  region  in 
January,  July  and  December  1997,  during  Titan’s  Greatest  Eastern  Elongation. 
The  resolving  power  of  the  SWS/Grating  varies  between  1500  and  3000  in  the 
Grating  mode  and  reaches  30000  in  the  Fabry-Perot  mode,  where  some  short 
observations  were  dedicated  to  the  15-16  /xm  region. 

The  233-1500  cm”1  spectrum  of  ISO/SWS  affords  10  times  higher  resolution 
than  Voyager  1  /IRIS.  We  have  modeled  the  spectrum  using,  as  a  first  step, 
the  Voyager-derived  atmospheric  parameters  (Coustenis  et  al.,  1993;  Couste¬ 
nis  and  Bezard,  1995)  and  have  improved  the  precision  of  the  thermal  and 
compositional  structure  of  Titan  inferred  on  a  disk-average. 

A  new  temperature  profile  is  available  (from  the  analysis  of  the  v 4  CH4  band  at 
7.7  /xm),  as  well  as  more  precise  mean  molecular  profiles  for  the  minor  species 
with  emission  bands  in  the  thermal  infrared.  We  have  inferred  upper  limits  for 
some  likely  candidates  in  Titan’s  stratosphere  (such  as  benzene  and  allene). 
Vertical  profiles  for  HCN  and  C2H2  were  tested  against  the  observations. 


SPECTROSCOPIC  OBSERVATIONS  OF  SHORT-PERIOD 
COMETS  WITH  ISO 

J.  Crovisier  (1),  T.  Encrenaz  (1),  E.  Lellouch  (1),  D.  Bockelee-Morvan  (1), 
B.  Altieri  (2),  K.  Leech  (2),  A.  Salama  (2),  J.P.  Baluteau  (3),  M.  Griffin  (4), 
T.  de  Graauw  (5),  E.  van  Dishoeck  (6),  R.  Knacke  (7)  and  T.Y.  Brooke  (8) 

(1)  Observatoire  de  Paris,  Meudon,  France,  (2)  ISO  Science  Operations  Centre, 
Astrophysics  Division  of  ESA,  Villafranca,  Spain,  (3)  LAS,  Marseille,  France, 
(4)  Queen  Mary  and  Westfield  College,  London,  UK,  (5)  SRON,  Groningen, 
The  Netherlands,  (6)  Leiden  Observatory,  The  Netherlands,  (7)  Penn.  State, 
Erie,  USA,  (8)  Jet  Propulsion  Laboratory,  Pasadena,  USA. 

Two  Infrared  Space  Observatory  programmes  (guaranteed  time  and  open  time) 
were  devoted  to  high-resolution  spectroscopic  observations  of  comets.  They 
were  aimed  at  short-period  comets.  22P/Kopff  was  observed  on  October- 
December  1996  with  SWS  and  LWS.  Due  to  the  weakness  of  the  object  at  that 
moment,  only  the  1/3  rovibrational  lines  of  water  were  detected,  with  SWS.  They 
allowed  a  determination  of  the  production  rate  of  water  in  this  comet  and  an 
analysis  of  its  physical  conditions.  Comet  103P/Hartley  2  was  to  be  observed 
at  the  end  of  December  1997.  The  ISO  observations  of  these  two  short-period, 
Jupiter-family  comets  presumably  originating  from  the  Edgeworth-Kuiper  belt, 
are  to  be  compared  to  those  of  comet  Hale-Bopp  which  came  from  the  Oort 
cloud. 


OBSERVATIONS  OF  THE  GIANT  PLANETS  WITH  ISO/LWS: 
DETERMINATION  OF  THE  D/H  RATIO 

G-R.  Davis  (1),  M.J.  Griffin  (2),  D.A.  Naylor  (3),  P.G.  Oldham  (2),  S.D.  Sid- 
her  (4),  B.M.  Swinyard  (4),  D.  Gautier  (5),  P.G.J.  Irwin  (6),  G.S.  Orton  (7), 
P.A.R.  Ade  (2)  and  M.  Burgdorf  (8) 

(1)  U.  Saskatchewan,  Canada,  (2)  Queen  Mary  and  Westfield  College,  England, 
(3)  U.  Lethbridge,  Canada,  (4)  Rutherford  Appleton  Laboratory,  England, 
(5)  Observatoire  de  Paris,  France,  (6)  U.  Oxford,  England,  (7)  Jet  Propul¬ 
sion  Laboratory,  USA,  (8)  VILSPA,  Spain. 

Email:  G.R.DavisOusask.ca 

The  accurate  determination  of  the  D/H  ratio  in  the  giant  planets  has  profound 
cosmogonical  implications  since  its  value  at  the  time  of  formation  of  the  Solar 
System,  4.5  billion  years  ago,  is  a  critical  cosmological  parameter.  For  Jupiter 
and  Saturn,  the  D/H  ratio  should  be  representative  of  the  value  in  the  primitive 
solar  nebula  since  these  planets  have  evolved  little  since  they  were  formed;  for 
Uranus  and  Neptune,  on  the  other  hand,  the  HD  reservoir  should  be  strongly 
enriched  in  deuterium  because  the  hydrogen  envelopes  are  thought  to  have 
been  been  mixed  with  volatiles  originating  from  ices  which  made  up  the  cores 
of  these  planets. 

The  Long  Wavelength  Spectrometer  on  ISO  offers  the  unique  opportunity  to 
measure  the  first  two  rotational  lines  of  HD  in  all  four  giant  planets,  from 
which  the  D/H  ratios  can  be  inferred.  The  results  of  these  measurements  will 
be  presented. 


JUPITER  AND  SATURN  AT  2.5-5  MICROMETERS:  COMPAR¬ 
ISON  OF  ISO/SWS  AND  GALILEO/NIMS 

Pierre  Drossairt 

Departement  Spatial  (CNRS-URA  264),  Obs.  de  Paris,  92195  Meudon,  France. 

Observations  of  Jupiter  and  Saturn  with  ISO/SWS  have  provided  spectra  in  the 
2.5  to  16  /xm  range  (de  Graauw  et  a  i.,  Astron.  Astrophys.  1997;  Encrenaz  et  a  J., 
Astron.  Astrophys.  1997),  centered  on  the  planetary  disk  (R«1500,  14”x20” 
aperture).  In  the  shorter  wavelength  range  (2. 5-5. 2  /xm),  Jupiter  spectra  are 
compared  to  the  Galileo/NIMS  spectral  images  (Carlson  et  a J.,  Science ,  1996) 
which  are  at  R«150  only,  but  at  very  high  spatial  resolution.  Three  spectral 
ranges  provide  a  sounding  of  both  atmospheres  at  different  altitudes: 

1)  2.5-3. 2  /xm  range:  the  reflected  sunlight  is  observed,  with  information  on  the 
upper  clouds.  On  Jupiter,  ISO  observations  give  the  first  strong  evidence  for  a 
spectral  signature  of  NH3  ice  in  Jupiter’s  atmosphere  (Brooke  et  a l,  submitted 
to  Icarus). 

2)  3.2-3. 5  /xm  range:  an  emission  from  the  v 3  band  of  CH4  is  observed,  both 
on  Jupiter  and  Saturn.  This  emission  is  a  signature  of  higher  temperatures  in 
their  upper  stratospheres  than  previously  assumed. 

3)  4. 5-5. 2  /xm  range:  the  thermal  emission  from  the  troposphere  becomes  dom¬ 
inant  on  both  planets.  ISO/SWS  provides  the  first  detection  of  H2O  vapor 
in  Saturn’s  troposphere,  with  a  large  undersaturation  factor,  similar  to  the 
Galileo/NIMS  findings  on  Jupiter  (Roos-Serote  et  a/.,  submitted  to  J.  Geo- 
phys.  Res.) 


A  STUDY  OF  THE  WATER  VERTICAL  DISTRIBUTION  ON 
MARS  FROM  ISO  AND  IRAM  MEASUREMENTS 

Th.  Encrenaz  (1),  E.  Lellouch  (1),  H.  Feuchtgruber  (2),  Th.  de  Graauw  (3), 
G.  R.  Davis  (4),  G.  Paubert  (5)  and  S.  Gulkis  (6) 

(1)  DESPA,  Obs.  de  Paris,  France,  (2)  ISO  Science  Op.  Center,  ESA,  Madrid, 
Spain,  (3)  SRON,  Groningen,  NL,  (4)  Un.  of  Saskatchewan,  Canada,  (5)  IRAM, 
Granada,  Spain,  (6)  JPL,  Pasadena,  CA,  USA. 

Spectra  of  Mars  has  been  recorded  in  July-August,  1997  (Ls  =  140-160  deg.) 
with  the  ISO  Short  Wavelength  Spectrometer  between  2.3  and  45  /xm,  with  a 
spectral  resolving  power  of  1500.  A  preliminary  reduction  of  the  4-20  /xm  re¬ 
gion  has  been  presented  by  de  Grauuw  et  al  (ISOPeaks  Workshop,  Villafranca, 
October  1997),  showing  a  good  fit  of  the  H20  absorption  lines  with  models 
including  a  constant  H20  mixing  ratio  of  2  10“4.  In  addition,  high-resolution 
Fabry-Perot  scans  have  been  recorded  around  several  H20  lines  in  the  25-45 
/xm  range.  The  analysis  of  these  lines  shows  that  the  water  vapor  vertical  distri¬ 
bution  is  confined  in  the  lower  martian  atmosphere,  most  likely  by  saturation. 
This  results  confirm  the  analysis  of  earlier  observations  of  millimeter  rotational 
transitions  of  HDO  (226  GHz)  and  H^80  (203  GHz),  recorded  in  April  1997  (Ls 
=  100  deg.),  at  the  30-m  IRAM  antenna.  The  millimeter  data  clearly  indicate  a 
maximum  H20  abundance  in  the  northern  hemisphere,  and  a  strong  depletion 
of  the  vertical  profile  as  the  altitude  increases.  The  depletion  is  likely  to  be  due 
to  water  saturation. 
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ISO  SPECTRA  OF  CALLISTO  AND  GANYMEDE  FROM  2.SS  - 
106  MICRON 

H.  Feuchtgruber  (1),  M.  Burgdorf  (2),  A.  M.  Her**,  F.  L*huii,  K.  Leech,  T. 
Lim,  R.  Lorente,  P.  W.  Morris,  S.  Pesiuto,  A.  Salamn,  E.  Tommari,  B.  Van- 
denbussche,  E.  Wieprecht  (5),  M.  Griffin,  P.  G.  Oldham  (4),  G.  R.  Davies  (5) 
and  B.  M.  Swinyard  (6) 

(1)  Mai-Planck  Institnt  for  extraterrestrische  Phyrik  Garching,  Germany, 
(2,3)  ISO  Science  Operations  Center,  ESA,  Villafranca,  Spain,  (4)  QMW  Col¬ 
lege,  London,  England,  (5)  Univ.  of  Saskatchewan,  Canada,  (6)  Rutherford 
Appleton  Laboratory,  England. 

Infrared  spectra  of  the  galilean  satellites  CaHisto  and  Ganymede  have  been 
recorded  between  2.38  and  106  pm  covering  the  foil  wavelength  range  of  the 
Short- Wavelength  and  Long- Wavelength  Spectrometers  of  ISO.  The  spectra 
irere  taken  in  grating  mode  at  resolutions  between  1000-2000  and  150-300  in 
the  ranges  2.38-45  /im  and  45-196  pm  respectively.  We  present  the  disk  aver¬ 
aged  spectra  together  with  the  observational  details  and  a  discussion  of  poten¬ 
tial  straylight  from  Jupiter.  We  will  provide  brightness  temperatures  for  the 
thermal  emission  and  a  discussion  of  the  albedo  at  the  short  wavelength  sides 
of  the  spectra. 


OBSERVATIONS  OF  THE  GIANT  PLANETS  WITH  ISO-SWS* 
EVIDENCE  FOR  EXTERNAL  OXYGEN  AND  DETERMINA¬ 
TION  OF  THE  D/H  RATIO 

H.  Feuchtgruber  (1),  E.  Lellouch,  T.  Encrenas,  B.  Besard  (2,3,4),  T.  de 
Graauw  (5)  and  G.  R.  Davies  (6) 

(1)  M ax-Plan ck  Institut  fur  extraterrestrische  Physik  Garching,  Germany, 
(2,3,4)  Observatoire  de  Paris-Meudon,  France,  (5)  SRON,  Groningen,  The 
Netherlands,  (6)  Univ.  of  Saskatchewan,  Canada. 

Infrared  spectra  of  the  Short- Wavelength  Spectrometer  of  ISO  have  allowed  the 
first  detection  of  stratospheric  HaO  on  Saturn,  Uranus  and  Neptune,  and  COa 
on  Saturn  and  Neptune  (Feuchtgruber  et  al.f  1997,  Nature,  389;  de  Graauw  et 
al,  1997,  AIcA,  321).  Derived  mixing  ratios  of  a  few  ppb  prove  the  existence  of 
an  external  source  of  water,  either  from  infalling  meteorids  or  ring/satellite  ma¬ 
terial.  First  observations  indicated  HjO  and  COa  in  similar  amounts  on  Jupiter 
(Lellouch  et  al.,  ISOPEAKS  Workshop,  1997,  in  press).  We  will  present  high 
quality  spectra  of  H2O  and  COa  lines  on  Jupiter,  baaed  on  SWS  Fabry- Perot 
observations  at  spectral  resolutions  of  « 30000,  compare  the  required  external 
H30  fluxes  with  those  on  the  other  giants  and  summarise  implications  for  their 
atmospheric  chemistry.  We  will  also  determine  the  D/H  ratio  on  Uranus  based 
on  the  first  detection  of  the  HD  R(2)  line  and  report  on  the  search  for  HD  R(2) 
and  R(3)  lines  at  Saturn.  Preliminary  values  of  D/H  on  Jupiter  and  Neptune 
(Lellouch  et  al.,  1996,  Bull.  Amer.  Astron.  Soc,  28;  Lellouch  et  al.,  1997,  ISO¬ 
PEAKS  Workshop,  1997,  in  press)  are  refined  by  including  observations  of  Ha 
S(0)  and  S(l)  lines  to  improve  on  the  temperature  profile. 


OBSERVATIONS  OF  JUPITER  WITH  ISO-SWS  :  TEMPERA¬ 
TURE  AND  COMPOSITION  OF  THE  STRATOSPHERE  AND 
UPPER  TROPOSPHERE 

T.  Fouchet  (1),  Th.  Encrenaz  (1),  P.  Drossart  (1),  H.  Feuchtgruber  (2),  E. 
Lellouch  (1),  B.  Bezard  (1)  and  Th.  de  Graauw  (3) 

(1)  DESPA,  Observatoire  de  Paris,  Meudon,  France,  (2)  ISO  Science  Operation 
Center,  Villafranca,  Spain,  (3)  SRON,  Groningen,  the  Netherlands. 

ISO-SWS  offers  a  continuous  spectral  coverage  of  Jupiter  from  2.4  to  45  p m  at 
a  resolving  power  of  1500.  These  observations  show  for  the  first  time  the  core 
of  the  1/3  band  of  CH4  (3.31  /im)  in  emission,  unveilling  a  warm  upper  strato¬ 
sphere.  Together  with  the  v4  (7.66  /im)  and  1/2  (6.52  /im)  bands  of  CH4,  and  the 
H2-He  continuum,  this  allows  to  inverse  simultaneously  the  temperature  pro¬ 
file  at  atmospheric  levels  ranging  from  the  upper  troposphere  up  to  10  /ibar. 
From  the  10-14.5  /im  region  we  retrieve  the  vertical  profile  of  photodissocia¬ 
tion  products  of  methane  (C2H21  C2H6)  in  the  stratosphere  consistent  with  the 
temperature  profile.  Mixing  ratios  and  vertical  profiles  of  tropospheric  species 
(NH3,  PH3j  CH3D)  are  derived  from  the  6.5-7  /im  and  8-10  /im  regions.  13C  and 
15N  are  detected  in  the  form  of  13CH4  and  15NH3,  and  13C/12C  and  15N/HN 
are  determined.  The  CH3D  mixing  ratio  leads  to  a  determination  of  the  D/H 
ratio. 


ISO  SPECTROSCOPIC  OBSERVATIONS  OF  ATMOSPHERIC 
COMPONENTS  ON  JUPITER  AND  SATURN  SATELLITES 
A.  M.  Heras  (1),  H.  Feuchtgruber  (1,2),  F.  Lahuis  (1,4),  E.  Lellouch  (3), 
K.  Leech  (1),  R.  Lorente  (1),  P.  Morris  (1,5),  A.  Salama  (1),  B.  Vandenbuss- 
che  (1,6)  and  E.  Wieprecht  (1,2) 

(1)  ISO  Science  Operations  Centre,  Astrophysics  Division,  Space  Science  De¬ 
partment  of  ESA,  Villafranca,  P.O.  Box  50727,  28080  Madrid,  Spain,  (2)  Max- 
Planck  Institute  fur  Extraterrestrische  Physik ,Giessenbach  Str.  1,  85748  Garch¬ 
ing,  Germany,  (3)  DESPA,  Observatoire  de  Paris,  92195  Meudon,  France, 
(4)  SRON,  PO  Box  800,  9700  AV  Groningen,  The  Netherlands,  (5)  SRON, 
Sorbonnelaan  2,  3584  CA  Utrecht,  The  Netherlands,  (6)  Instituut  voor  Ster- 
renkunde,  University  of  Leuven,  Celestynenlaan  200,  3001  Heverlee,  Belgium. 
aherasOiso.vilspa.esa.es 

Recent  Galileo  observations  have  shown  the  presence  of  tenuous  oxygen  atmo¬ 
spheres  on  Europa  and  Ganymede.  In  order  to  search  for  other  atmospheric 
components  and  to  find  indications  of  atmospheres  in  other  satellites,  we  have 
made  spectroscopic  observations  using  the  Short  Wavelength  Spectrometer  on 
board  ISO  of  the  Jupiter  satellites  Europa,  Ganymede  and  Callisto.  The  cor¬ 
responding  observations  of  the  Saturn  satellite  Iapetus  are  scheduled  to  be  ex¬ 
ecuted  in  the  near  future.  In  particular,  we  have  searched  for  H20,  OH,  C02, 
C2H2  and  03.  We  will  present  the  abundances  and  mixing  ratios  (or  upper 
limits)  derived  for  these  molecular  species,  compare  with  previous  results  when 
available  and  discuss  implications  for  the  gas  chemistry  on  these  satellites. 


ISOPHOT  OBSERVATIONS  OF  THE  PLUTO/CHARON  SYS¬ 
TEM 

E.  Lellouch  (1),  B.  Schmitt  (2),  R.  Lautcy*  (3),  E.  Qulrico  (4),  C.  dc  Bergh  (l), 
J.  Crovidicr  (1)  and  A.  Cousteni*  (1) 

S  DESPA  -  Observatoire  dc  Meudon,  France,  (2)  LOOK,  Grenoble,  France, 
ISO  SOC,  Villafranca,  Spain,  (4)  IAS,  0»ay,  France. 

The  Plato- Charon  lystem  has  been  observed  by  the  Imaging  Photopolarlmeter 
of  the  Infrared  Space  Observatory  (ISOPHOT)  in  four  filters  at  60, 100, 135  and 
2UU  microns.  In  an  attempt  to  determine  the  surface  temperature  distribution  of 
Pluto,  observations  were  repeated  for  6  to  8  (depending  on  the  filter)  rotational 
phases  of  the  Pluto-CKaron  system.  The  main  results  are  the  following:  (1)  the 
system  is  clearly  detected  at  all  four  wavelengths  (ii)  the  measured  flux  levels 
confirm  that  the  surface  brightness  temperature  is  higher  In  the  fat-111  than 
in  the  milliractcr/submilHmeter,  although  the  fluxes  at  60  and  100  micron  arc 
slightly  below  those  determined  from  IRAS  (Sykes  et  al.  Science,  237,  1336, 
1987)  (iii)  the  data  suggest  emissivlty  variations  between  the  four  filters  (lv) 
the  data  indicate  a  rotation**!  liglitcnrve  at  60  micron  and  mbre  marginally 
at  100  micron  With  a  maximum  near  L=100°  (L  is  the  east  longitude  of 
Pluto)  and  a  minimum  near  L— 200° ,  the  thermal  Ughtcurve  appears  to  be 
anticorrelated  with  the  visible  lightcum  (sec  Buie  el  al.  learus,  125, 233,  1987). 
Efforts  to  model  the  data  in  terms  of  three  different  surface  units  (Charon,  Pluto 
"bright*  regions,  and  Pluto  "dark"  regions)  In  accordance  with  HST  imaging 
are  underway  and  will  be  presented. 


OBSERVATIONS  OF  SIV  IN  THE  IO  PLASMA  TORUS  WITH 
ISO 

G.  Lichtenberg  and  N.  Thomas  (Max-Planck-Institut  fur  Aeronomie,  Max- 
Planck-Str.2,D-37191  Katlenburg-Lindau,  GERMANY) 

The  physical  processes  maintaining  the  Io  plasma  torus  (IPT)  are  still  not  folly 
understood.  One  fundamental  gap  in  the  knowledge  of  the  IPT  is  the  origin  of 
highly  ionized  species  such  as  OIII  and  SIV.  The  electron  temperatures  in  the 
IPT  are  maybe  too  low  to  maintain  these  species  if  the  IPT  is  in  local  thermal 
equilibrium.  As  a  possible  creation  mechanism  for  these  species  an  influx  of 
energetic  electrons  from  the  outer  magnetosphere  has  often  been  invoked.  But 
while  the  presence  of  OIII  is  well  established  from  measurements  in  various 
wavelength  regions  and  seem  to  support  these  models,  observations  of  SIV, 
which  could  set  further  constraints  on  the  models  are  somewhat  contradictory. 
For  example,  IUE  measurements  showed  4  times  lower  brightnesses  than  pre¬ 
dicted  from  Voyager  UVS  observations.  Since  SIV  has  no  optical  emissions  and 
the  UV  line  is  rather  weak,  up  to  now  there  was  no  way  to  resolve  this  contra¬ 
diction.  The  launch  of  ISO  made  it  possible  for  us  to  observe  the  SIV  emission 
at  10.51  /<m,  which  is  considerably  stronger  than  the  UV  emission. 

The  observations  took  place  on  25  May  1997.  SIV  was  detected  with  the  Short 
Wavelength  Spectrometer  at  both  ansae  at  an  intensity  of  approximately  0.5 
Jy.  Observations  were  obtained  at  4  different  magnetic  longitudes.  Further¬ 
more,  serendipitous  observations  of  the  Sffl  33.48  pm  emission  were  obtained 
simultaneously.  We  present  the  observations  and  preliminary  analysis  of  the 
data. 
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MARTIAN  MINERALOGY  FROM  MID-INFRARED  SPECTRA: 
PROSPECTS  WITH  NEW  SHORT  WAVELENGTH  SPECTROM¬ 
ETER  OBSERVATIONS 

P.  Morris  (1),  Th.  de  Graauw  (2)  and  T.  Encrenaz  (3) 

(1)  ISO  Science  Operations  Centre,  ESA,  Vilspa,  Spain,  (2)  SRON,  Groningen, 
the  Netherlands,  (3)  Observatoire  de  Paris,  Meudon,  France. 
pmorrisCiso.vilspa.esa.es/Fax:  [34]  18131353 

New  high  resolution  spectra  (A/AA  =  1000-3300)  of  Mars  were  obtained 
at  high  S/N  with  the  ISO-SWS  on  15  and  31  July  1997,  and  20  August 
1997,  with  central  meridians  crossing  the  equator  near  the  Sinai  Planum , 
Syrtis  Major  Planum,  and  the  Tharis  Montes.  Over  a  2.38-45.2/im  base¬ 
line,  these  spectra  contain  solid  state  features  whose  spectral  position,  shape, 
and  persistence  allow  (1)  some  disk-averaged  description  of  the  silicate,  carbon¬ 
ate,  and  sulfate  minerology  and  its  surface  versus  weathered  airborne  origins, 

(2)  a  test  over  the  8-12/mi  region  of  recent  models  of  airborne  dust  based  on  a 
palagonite-like  composition,  and  (3)  an  association  of  strong  absorption  rougly 
between  30-40/im  to  different  ferric  oxides  or  oxyhydroxides  in  surfacial  or  air¬ 
borne  dust  by  comparison  to  laboratory  transmission  spectra.  We  overview  the 
prospects  for  these  studies. 


ASTEROIDS  AS  FAR-INFRARED  STANDARDS  FOR  CALI¬ 
BRATING  ISOPHOT 

T.  G.  Muller  (1,3),  J.  S.  V.  Lagerros  (2)  and  B.  Schulz  (3) 

(1)  Max-Planck-Institut  fur  Astronomie,  Heidelberg,  Germany,  (2)  As- 
tronomiska  observatoriet,  Box  515,  S-75120  Uppsala,  Sweden,  (3)  ISO  SOC, 
Astrophysics  Division  of  ESA,  Villafranca,  Spain. 
Johan.LagerroaCaatro.uu.se/Fax:  [46]  18  527583 

Asteroids  are  used  as  primary  calibrators  for  the  ISOPHOT  on  the  Infrared 
Space  Observatory,  in  the  wavelength  range  50-200  fim.  In  the  far-infrared  the 
asteroids  covers  a  large  dynamical  range  between  the  bright  planets  and  the 
faint  standard  stars. 

Ten  asteroids  were  selected  in  the  planning  of  the  project,  which  have  been 
investigated  in  extensive  ground  based  and  airborne  observing  programmes. 
They  cover  a  wide  range  of  fluxes,  and  the  probability  is  high  for  at  least  one 
object  to  be  visible  at  any  given  time.  Using  the  thermal  model  by  Lagerros 
(1996,  Ale  A  310,  1011;  1997,  A&A  325,  1226)  we  derive  new  thermophysical 
parameters  of  the  selected  asteroids,  which  makes  it  possible  to  predict  the 
thermal  emission  of  the  asteroids  with  an  absolute  accuracy  of  5-10  %. 

The  physical  properties  derived  indicates  large  surface  roughness  and  very  low 
levels  of  heat  conduction.  Due  to  radiative  transfer  processes  in  the  porous 
regolith,  the  emissivity  varies  significantly  with  wavelength. 


FUNDAMENTAL  THERMAL  EMISSION  PARAMETERS  OF 
CERES  -  DERIVED  FROM  ISO  OBSERVATIONS 

T.  G.  Muller  (1,3),  J.  S.  V.  Lagerros  (2),  M.  Burgdorf  (3),  T.  Lim  (3),  P. 
Morris  (3),  A.  Salama  (3),  B.  Schulz  (3)  and  B.  Vandenbussche  (3) 

(1)  MPIA,  Heidelberg,  Germany,  (2)  Uppsala  Astronomical  Observatory,  Swe¬ 
den,  (3)  ISO  SOC,  Astrophysics  Division  of  ESA,  Villafranca,  Spain. 

The  asteroid  Ceres  is  the  largest  and  by  far  the  best  known  object  of  the 
main  belt.  At  around  20  fim,  where  the  thermal  emission  of  main  belt  asteroids 
typically  peaks,  Ceres  is  more  than  1  order  of  magnitude  brighter  than  the 
brightest  stars.  It  is  therefore  an  excellent  scientific  object  for  an  extensive 
study  with  ISO  at  wavelengths  between  2  and  200  /im. 

We  present  observations  from  SWS,  LWS  and  PHT  at  wavelengths  between 
2  and  200 /im.  Two  SWS  spectra  of  Ceres,  taken  at  different  times,  cover  the 
range  from  2.4  to  45.2 pm,  including  the  maximum  of  the  thermal  emission. 
We  derived  the  temperature  distribution  on  the  surface  of  Ceres  and  discuss 
the  effects  of  surface  structure,  which  influence  the  temperature  distribution. 
LWS  observed  Ceres  more  than  10  times  in  fixed-grating  position,  providing 
each  time  10  photometric  data  points  between  46  and  178  /im.  Additionally  a 
full  grating  scan  from  43  to  196  fim  has  been  obtained.  We  demonstrate  that, 
due  to  scattering  processes  within  the  surface  regolith,  the  emissivity  decreases 
towards  longer  wavelengths.  ISOPHOT  photometry  was  obtained  between  50 
and  200 /im.  By  combining  the  flux  density  variations  at  different  phase  angles 
before  and  after  opposition,  we  could  derive  the  thermal  inertia  of  Ceres  and 
confirm  a  very  low  value  of  F  <  10  Jm~2s~lf2K~l . 


OBSERVATIONS  OF  JUPITER  AND  SATURN  WITH  ISO/LWS: 
MEASUREMENT  OF  THE  FABRY-PEROT  SPECTRUM 

D.A.  Naylor  (1),  G.R.  Davis  (2),  M.J.  Griffin  (3),  P.G.  Oldham  (3),  B.M. 
Swinyard  (4),  P.G.J.  Irwin  (5),  G.S.  Orton  (6),  P.A.R.  Ade  (3),  M.  Burgdorf  (7), 
Th.  Encrenaz  (8)  and  T.  de  Graauw  (9) 

(1)  U.  Lethbridge,  Canada,  (2)  U.  Saskatchewan,  Canada,  (3)  Queen  Mary 
and  Westfield  College,  England,  (4)  Rutherford  Appleton  Laboratory,  England, 
(5)  U.  Oxford,  England,  (6)  Jet  Propulsion  Laboratory,  USA,  (7)  VILSPA, 
Spain,  (8)  Observatoire  de  Paris,  France,  (9)  SRON,  Netherlands. 

Email:  naylorChg.uleth.ca 

The  ISO  mission  represents  a  unique  opportunity  to  measure  the  far-infrared 
spectra  of  the  planets.  The  spectra  of  Jupiter  and  Saturn  have  been  mea¬ 
sured  using  the  Fabry-Perot  interferometers  (resolving  power  ~104)  in  the  Long 
Wavelength  Spectrometer  (LWS).  For  Jupiter,  one  end-to-end  scan  was  made 
(47-197  fim)  in  addition  to  several  scans  over  narrow  wavelength  ranges  ded¬ 
icated  to  particular  expected  transitions.  For  Saturn,  only  the  latter  type  of 
observation  was  made. 

The  full  Jupiter  scan  reveals  the  following  results:  all  of  the  predicted  NH3 
manifolds  have  been  detected;  two  absorption  lines  of  PH3  have  been  detected 
at  113  and  141/im;  HgO  has  been  detected  weakly  in  emission  at  66.4  and 
99.5  fim;  and  two  weak  absorption  lines  of  HF  have  tentatively  been  detected. 
The  Saturn  observations  are  under  analysis  and  are  expected  to  yield  similarly 
promising  results.  The  measurements  and  their  analysis  will  be  presented. 


OBSERVATIONS  OF  JUPITER  AND  SATURN  WITH  ISO/LWS: 
MEASUREMENT  OF  THE  GRATING  SPECTRUM  AND  DE¬ 
TECTION  OF  METHANE 

P.G.  Oldham  (1),  G.R.  Davis  (2),  M.J.  Griffin  (1),  D.A.  Naylor  (3),  B.M, 
Swinyard  (4),  P.G.J.  Irwin  (5),  G.S.  Orton  (6),  P.A.R.  Ade  (1)  and  M.J. 
Burgdorf  (7) 

(1)  Physics  Dept.,  Queen  Mary  &  Westfield  College,  UK,  (2)  U.  Saskatchewan, 
Canada,  (3)  U.  Lethbridge,  Canada,  (4)  Rutherford  Appleton  Laboratory,  UK, 
(5)  U.  Oxford,  UK,  (6)  Jet  Propulsion  Laboratory,  USA,  (7)  VILSPA,  Spain, 
p .  g .  oldhamCqmw .  ac . uk/Fax:  [44]  181  980  0986 

The  far-infrared  spectra  of  Jupiter  and  Saturn  measured  with  the  ISO  Long 
Wavelength  Spectrometer  (LWS)  are  presented.  The  data  comprise  grating 
mode  scans  covering  the  ranges  55-90  fim  for  Jupiter  and  40-200  fim  for  Saturn 
and  high  spectral  resolution  Fabry-Perot  scans  of  forbidden  rotational  methane 
lines  at  106,  119  and  127  pm.  There  was  good  agreement  between  the  Jupiter 
grating  data  and  an  atmospheric  radiative  transfer  model  using  expected  val¬ 
ues  for  the  constituent  vertical  concentration  profiles  of  hydrogen,  helium  and 
ammonia.  For  Saturn,  comparison  of  the  observed  and  simulated  spectra  re¬ 
vealed  differences  in  the  phosphine  absorption  features  which  were  reconciled 
by  modifying  the  vertical  abundance  profile  of  PH3.  Modelling  of  the  forbid¬ 
den  rotational  methane  features  has  provided  important  new  estimates  for  the 
C/H  ratio  in  the  Giant  Planets.  Differences  between  near-  and  far-infrared  es¬ 
timates  may  be  due  to  uncertainties  in  the  theoretical  forbidden  line  strengths 
and  innacuracies  in  modelling  the  effects  of  scattering  at  shorter  wavelengths. 


THE  DARK  SIDE  OF  IAPETUS 

L-Qwen  (1),  D.  P.  Cruikshank  (2),  T.  Roush  (2),  T.  Geballe 
(3),  C.  Dalleore  (2),  R.  Meier  (1) 

(1)  University  of  Hawaii,  Honolulu,  Hawaii, 
owen@if a. ha waii.edu/FAX  808-956-9580,  (2)  NASA 
Ames  Research  Center,  Moffett  Field,  California  (3)  Joint 
Astronomy  Centre,  Hilo,  Hawaii 

We  have  succeeded  in  recording  the  2.5  -  3.5  micron 
region  of  the  spectrum  of  the  dark,  leading  side  of  Saturn's 
mysterious  moon  Iapetus.  We  confirm  the  existence  of  a 
very  strong  broad  absorption  feature  at  3  microns 
identified  in  previous  low  resolution  spectrophotometry. 
The  new  observations  allow  this  feature  to  be  studied  in 
detail  for  the  first  time.  Combining  our  observations  with 
previous  work,  we  now  have  the  spectrum  of  the  dark 
side  of  Iapetus  from  0.3  to  3.5  microns.  Fitting  models  to 
this  spectrum,  we  have  established  that  organic  material  is 
required  to  explain  the  dark  surface.  The  nature  and  the 
origin  of  this  material  will  be  discussed. 
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DETECTION  OF  METHYL  RADICAL  IN  NEPTUNE’S  ATMO¬ 
SPHERE  FROM  ISO-SWS  OBSERVATIONS 
p.N.  Romani  (1),  B.  Bezard  (2),  T.  Encrenaz  (2)  and  H.  Feuchtgruber  (3) 
(1)  Mail  Code  693,  NASA/GSFC,  Greenbelt  MD,  USA,  (2)  Observatoire  de 
Paris,  Section  de  Meudon,  France,  (3)  ISO  Science  Op.  Center,  ESA,  Madrid, 
Spain. 

roaemiCgsfc.nasa.gov/Fax:  [1]  301  286  1683 

We  report  the  first  detection  of  methyl  radical  (CH3)  in  the  atmosphere  of 
Neptune.  Spectra  were  recorded  on  12  November  1997  using  the  Short  Wave¬ 
length  Spectrometer  (SWS)  of  the  Infrared  Space  Observatory  (ISO)  in  the 
grating  mode.  The  spectral  range  16.44-16.56  fim  was  observed  during  50  min 
of  integration  at  a  resolving  power  A/ A  A  «  1500.  The  final  spectrum  shows 
prominent  emission  from  the  v2  band  of  CH3  centered  at  16.497  fi m  (with  a 
S/N  ratio  of  about  30).  This  emission  feature  can  be  reproduced  with  a  CH3 
column  density  of  about  2xl013  cm'2  in  the  upper  atmosphere.  We  then  used 
the  observations  to  constrain  a  one-dimensional  hydrocarbon  photochemical 
model.  Model  output,  (CH3)  mixing  ratio  vs.  altitude,  was  used  to  generate 
synthetic  spectra  that  were  then  compared  to  the  observed  spectrum.  We  will 
report  on  the  model  sensitivity  to  the  assumed  CH4  mixing  ratio  in  the  lower 
stratosphere,  eddy  mixing  profiles,  H  flux  from  the  ionosphere,  and  uncertain¬ 
ties  in  the  photochemical  reaction  scheme. 


THE  SPECTRUM  OF  IO  FROM  ISO-SWS  OBSERVATIONS 
B.  Schmitt  (1),  E.  Lellouch  (2),  S.  Doute  (1),  H.  Feuchtgruber  (3,4),  C.  De 
Bergh  (2),  P.  Descamps  (5)  and  J.  Crovisier  (6) 

(1)  LGGE-CNRS,  F-38402  Saint  Martin  d’Heres,  France,  (2)  DESPA,  Observa¬ 
toire  de  Paris-Meudon,  France,  (3)  ISO-Satellite  Tracking  Station,  Villafranca, 
Spain,  (4)  MPI  fur  Extraterrestrische  Physik,  Garching,  Germany,  (5)  Bureau 
des  Longitudes,  Paris,  France,  (6)  ARPEGES,  Observatoire  de  Paris-Meudon, 
France. 

s  ehmitt  Oglaciog .  u  j  f  -grenobl  e .  f  r 

The  near  infrared  spectrum  of  the  leading  side  of  Io  has  been  recorded  by  the 
short  wavelength  spectrometer  of  ISO  (SWS)  from  4200  to  1900  cm  1  (2.4  - 
5.3  pm)  at  high  spectral  resolution  (R  «  1500).  We  present  the  results  of  a 
first  analysis  consisting  in  the  assignment  of  the  bands  mainly  due  to  solid  S02 
and  its  isotopes,  the  determination  of  the  surface  temperature  of  S02  ice  and 
the  assessment  of  the  existence  of  a  vertical  gradient.  A  first  modeling  of  Io’s 
reflectance  spectrum  already  allows  to  draw  some  conclusions  on  the  state  of 
the  surface.  One  is  that  the  3584  cm'1  (2.79  /im)  band  observed  is  only  due  to 
the  2  i/l  4-  i/3  combination  band  of  solid  SO2  with  no  contribution  from  diluted 
H20  molecules,  contrary  to  what  was  proposed  before  (Salama  et  al.  1994).  The 
question  of  the  isotopic  abundances  are  also  investigated.  Finally,  the  modeling 
tries  to  constrain  the  S02  frost  coverage  of  the  leading  hemisphere  and  shows 
that  grain  size  distribution  seems  to  occur,  as  suggested  before  (see  Schmitt  et 
al.  1994). 


ISO  OBSERVATIONS  OF  KUIPBER  BELT  OBJECTS 

N.  Thomas1,  W.-H  Ip1,  A.  Fitzsimmons2,  G.  Hahn3,  H.U. 
Keller1,  H.  Rauer3, 1.  Williams4 

1Max-Planck-Institut  fur  Aeronomie,  D-37189  Katlenburg- 
Lindau,  GERMANY 

2Queen's  University,  Belfast,  NORTHERN  IRELAND 
3DLR-PE,  Adlershof,  Berlin,  GERMANY 
4Queen  Mary  and  Westfield  College,  London,  GREAT 
BRITAIN 

The  ISOPHOT  experiment  on  ISO  was  used  in  an  attempt 
to  detect  thermal  emission  from  several  of  the  brightest 
Kuiper  Belt  Objects.  Detailed  signal  to  noise  calculations 
prior  to  launch  suggested  that  these  objects  should  be 
detectable  with  the  instrument  complement  on  ISO. 
However,  the  reduction  has  revealed  that  the  identification 
of  the  objects  is  not  so  straightforward.  We  report  on  the 
latest  analysis  of  the  data  and  attempt  to  reach  conclusions 
on  the  albedo  and  diameters  of  KBOs. 


ISO-SWS  SPECTRA  OF  THE  MAJOR  ASTEROID  CLASSES  : 
CLUES  TO  MINERALOGY  AND  CHEMISTRY  OF  THE  SOLAR 
SYSTEM 

B.  Vandenbussche  (1,2),  A.  Salama  (2),  H.  Feuchtgruber  (2,3),  A.  M. 
Heras  (2),  F.  Lahuis  (2,  4),  K.  Leech  (2),  R.  Lorente  (2),  P.  Morris  (2,4)  and 
E.  Wieprecht  (2,3) 

(1)  Instituut  voor  Sterrenkunde,  K.U. Leuven,  Belgium,  (2)  ISO  Science  Oper¬ 
ations  Centre,  ESA,  Villafranca,  Spain,  (3)  Max-Planck  Institut  fur  extrater¬ 
restrische  Physik  Garching,  Germany,  (4)  SRON,  Groningen,  The  Netherlands. 
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We  present  the  first  results  of  our  ISO  observation  programme  studying  the 
morphology  of  asteroids  of  the  major  asteroid  families.  The  programme  con¬ 
sists  of  infrared  spectra  of  Ceres  (G  type),  Pallas  (B),  Europa  (OF) ,  Vesta 
(V),  Juno  (C),  Amphitrite  (S)  and  Herculina  (S).  The  spectra  are  recorded  at 
resolutions  between  1000  and  2000  covering  the  full  wavelength  range  of  the 
SWS  (2.36/jm-45.3/im).  Comparison  of  mid-infrared  spectra  of  minor  planets 
with  laboratory  data  on  meteorites,  stratospheric  Interplanetary  Dust  Particles 
(IDPs)  and  other  ISO  mineralogy  studies  on  satellites,  comets,  zodiacal  light, 
and  circumstellar  dust  disks  of  stars  at  different  stages  in  their  evolution  can 
provide  insight  in  evolution  scenarios  for  dust  in  stellar  systems  and  the  place 
of  asteroids  in  the  chemical  evolution  of  our  Solar  System. 


GROUND  OBSERVATION  AND  DETECTION  OF  MOLECULAR  LINES  OF 
C/1995  Ol  HYAKUTAKE  AND  C/1997  02  HALE-BOPP  IN  TELLURIC 
WATER  VAPOR  ABSORPTION  BAND  NEAR  9360  \ 

We  report  high  resolution  observations  of  comets  C/1995  Ol  Hyakutake  and  C/1997 
02  Hale-Bopp  in  the  telluric  water  vapor  absorption  band  near  0.93  microns. 
Observations  were  made  during  two  scheduled  shifts  at  Observatoire  de 
Haute-Provence  1.52  m  telescope,  using  a  high  resolution  spectrometer  (AurUlie,  R  = 
110.000)  in  the  24th  order  of  a  79  mm-1  echelle  grating.  Detector  is  a  Thomson 
barrette  with  a  dispersion  scale  of  0.035  -j-  pixel- 1  or  2.52  f  mm-1.  A  synthetic  H20 
spectrum  calculated  at  observatory  level  (z=665  m)  on  an  optical  path  of  10  meters, 
typical  of  the  physical  absorbing  path  inside  the  spectrograph,  is  used  for  spectral 
calibration.  Another  one  calculated  using  the  HITRAN  code  between  z  -  665  m  and  z 
=  +a  at  observation  zenith  angle  is  used  for  substraction  of  water  vapor  absorption 
along  line  of  sight.The  spectral  range  of  9310-9450  \  along  the  C  140  -(-width 
interferential  filter  is  covered  during  two  separate  exposures  at  two  different  grating 
angles.  This  range  is  seldom  explored  from  ground  because  of  the  difficulty  of  dealing 
with  terrestrial  H20  absorption,  and  were  specifically  undertaken  to  complement  from 
ground  ISO  ISOPHOT-S  and  SWS  observations.  Both  comas,  tracked  near  perigee  by 
drift  adjustment  of  telescope  motion  and  manuat  tracking,  show  specific  molecular 
lines  that  were  corrected  from  cometary  Doppler.  We  discuss  the  detection  of  H20  in 
these  observations  and  compare  the  detection  level  to  ISO  measurements. 
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PLANETESIMAL  DYNAMICS  WITH  A  MASSIVE  PERTURBER 
A.  Athanassoula  (1)  and  P.  Barge  (2) 

(1)  Observatoire  de  Marseille,  2  place  Le  Verrier,  13248  Marseille,  Cedex  4, 

(2)  Laboratoire  d’Astronomie  Spatiale,  B.P.8,  13376  Marseille  Cedex  12. 

N-body  simulations  of  the  evolution  of  a  swarm  of  planetesimals  perturbed 
by  a  massive  Jupiter-like  planet  were  performed  with  the  GRAPE-4  system 
recently  installed  in  Marseille.  The  planetesimals  are  originally  distributed  in 
a  ring  located  within  the  orbital  radius  of  the  perturber.  A  rotating  tightly 
wound  spiral  density  wave  is  found  to  form  rapidly  in  the  swarm.  We  will 
discuss  the  properties  of  this  spiral  and  link  them  with  those  of  the  perturber 
and  of  the  initial  distribution  of  the  planetesimals.  Possible  consequences  on 
the  extra-solar  planetary  systems  will  be  explored. 


ATMOSPHERIC  AND  OCEANIC  CONTRIBUTIONS  TO  THE 
LONG  PERIODIC  COMPONENTS  OF  NUTATION 

Christian  Bizouard  (1),  Sergei  D.  Petrov  (2,3)  and  Aleksander  Brzeziriski  (2) 

(1)  Observatoire  de  Paris,  61  avenue  de  1 ’Observatoire,  75014  Paris,  France, 

(2)  Space  Research  Centre,  Bartycka  18A,  00-716  Warsaw,  Poland,  (3)  On 
leave  from:  Institute  of  Applied  Astronomy,  St. Petersburg,  Russia. 
bizouardOdanof.obspm.fr/Fax:  [00  33]  1  40  51  22  91 

Earlier  studies  of  the  atmospheric  effects  on  precession/nutation  (Dehant  et  al. , 
1996;  Hinderer  et  al. ,  1996;  Gegout  et  al,  1997;  Bizouard  ef  al,  1997)  indicate 
that  in  addition  to  the  main  influences,  which  are  the  annual  and  semiannual 
terms,  there  can  also  be  non  negligible  contribution  to  the  constant  pole  offset, 
long  periodic  components  of  nutation,  and  precession.  However,  depending  on 
the  approach  used  -  one  is  based  on  the  atmospheric  angular  momentum, 
the  other  one  on  the  atmospheric  torque  upon  the  Earth  -  the  results  given 
by  these  authors  differ  significantly.  In  this  paper,  we  attempt  to  clarify  this 
discrepancy  by  investigating  the  role  of  the  gravitational  tidal  torque  acting  on 
the  atmosphere.  The  oceanic  contribution  is  also  considered. 


THE  DISCOVERY  OP  EXTRASOLAR  PLANETS 
P.  Butter 

Astronomy  Department  UCLA  Berkeley,  California  94720,  USA. 
Fdutlerftastxo  .berks ley .  adn/Fax:  +1  (510)  M2  3411 

Within  the  hut  two  year*  planets  hate  been  discovered  around  8  nearby  Sun¬ 
like  stars.  All  of  these  planets  have  been  revealed  by  the  gravitionai  influence 
they  have  os  theli  host  star.  For  example,  Jupiter  gravitationally  tugs  the  Sun 
in  a  small  counter  orbit  with  a  velocity  amplitude  of  12  m/s.  This  motion  is 
detected  as  a  variable  Doppler  shift  in  the  spectrum  of  the  host  star. 

The  planets  detected  to  date  have  profoundly  challenged  the  theories  of  planet 
formation,  including  Jupiter-mass  planets  in  very  small  (4  day)  orbits,  and 
Jupiter- mass  planets  in  extremely  eccentric  orbits.  Only  the  47  Ursae  Majorb 
system,  with  a  Jupiter-mass  companion  in  a  circular  orbit  with  a  period  of 
several  years,  reminds  us  of  the  Solar  System, 

Now  that  planets  have  been  detected,  we  would  like  to  know  what  fraction 
of  stars  have  planets,  what  fraction  of  planetary  systems  are  similar  to  the 
SoUr  System,  and  how  many  other  types  of  planetary  systems  exist,  Toward 
this  goal  our  group  is  carrying  out  surveys  of  all  500  of  the  nearest,  brightest 
Sun-like  stars  using  the  Lick  3-m  (California),  Keck  10-m  (Hawaii),  and  the 
3.9-m  Anglo-AustiaUan  Telescopes,  Our  currently  precision,  3  m/s,  is  sufficient 
to  detect  Saturn-mass  planets  within  1  AU,  and  Jupiter-mass  planets  within  5 
AU. 


TRAPPING  OF  DUST  BY  COHERENT  VORTICES  IN  PROTO¬ 
PLANETARY  DISKS 

P.H  Chavanis  (1,3),  A.Provenzale  (1),  P.Barge  (2)  and  J.Sommeria  (3) 

(1)  Istituto  di  Cosmogeofisica,  Corso  Fiume  4,  10133  Torino,  Italia,  (2)  Lab¬ 
oratoire  d’Astronomie  Spatiale-CNRS  BP  8,  Les  trois  Lucs  13376  Marseille, 
France,  (3)  Ecole  Normale  Superieure  de  Lyon,  46  Allee  d’ltalie  69364  Lyon, 
France. 

chavanis 01  eg. to. infn.it/Fax:  0039  11/6604056 

It  has  been  suggested  recently  that  long  lived  vortices  in  circumstellar  disks 
could  capture  particle  dust  and  facilitate  the  formation  of  planetesimals.  We 
have  explored  this  scenario  by  considering  the  dynamics  of  a  single  vortex  in  a 
keplerian  shear.  We  have  investigated  the  influence  of  viscosity,  differential  ro¬ 
tation  and  compressibility  on  its  lifetime  and  we  have  considered  the  interaction 
between  the  vortex  and  the  surrounding  dust  particles  to  determine  if  the  vor¬ 
tex  can  act  as  a  trapping  region  and  be  relevant  in  the  process  of  planetesimals 
formation. 


SPECTROSCOPIC  OBSERVATION  OF  THE  0  PICTORXS  DISK 
WITH  ISO 

M.  Dcleuil  et  al. 

Laboratoire  d’Astronomie  Spatiale,  B.P.8, 13376  Marseille  Cedex  12. 

KGIZM* trap-nra.fr/Fax:  +33-04  91  66  18  55 

0  Pictom  with  its  wide  circumstellar  disc  of  dust  and  gas  represents  today 
probably  the  muting  huh  in  the  scenario  of  planetary  formation  between  young 
dreum stellar  discs  surrounding  newly  formed  stars  and  a  mature  planetary  sys¬ 
tem  like  our  own.  Spectroscopic  observations  reveal  a  complex  gaseous  environ¬ 
ment  with,  besides  a  permanent  disc  of  gas,  common  sporadic  infall  of  gas  and 
very  rarely  a  few  outflows.  Variable  signatures  are  partly  interpreted  in  terms 
of  evaporation  of  kilometer-filed  bodies  dose  to  the  star,  but  the  origin  of  the 
stable  gas  is  however  still  debated. 

We  used  the  Short  Wavelength  Spectrometer  on  ISO  to  observe  0  Picteris 
in  high  resolution.  Our  goal  is  to  look  for  gaseous  signatures  of  volatile  key 
elements  as  well  as  possible  molecular  ones.  These  detections  could  bring  new 
informations  on  the  nature  of  the  stable  gas  and  on  the  evaporation  processes 
which  likely  occur  within  the  disc.  The  data  reduction  is  currently  under  way 
and  we  will  present  preliminary  results. 
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MODEL  BOND  ALBEDOS  OF  EXTRA-SOLAR  GIANT  PLAN¬ 
ETS 

C.  R.  Gelino  (1),  M.  Marley  (1),  D.  Stephens  (1)  and  J.  Lunine  (2) 

(1)  New  Mexico  State  University,  Las  Cruces,  NM  88003,  USA,  (2)  University 

of  Arizona,  Tucson,  AZ  85721,  USA. 

cromOnmsu.edu 

We  have  modeled  the  atmospheres  of  extra-solar  giant  planets  with  varying 
effective  temperatures  and  gravities,  with  and  without  clouds  (see  abstract  by 
Stephens  et  al.}.  We  compute  Bond  albedos  by  calculating  the  ratio  of  the 
flux  reflected  by  a  planet  (integrated  over  wavelength)  to  the  total  stellar  flux 
incident  on  the  planet.  This  quantity  is  useful  for  determining  the  temperature 
structure  and  evolution  of  a  planet.  We  find  it  is  sensitive  to  the  stellar  type 
of  the  primary.  For  a  7  M  Jup  planet  the  Bond  albedo  varies  from  0.4  to  0.3  to 
0.05  as  the  primary  star  varies  from  A5V  to  G2V  to  M2V  in  spectral  type.  We 
also  find  that  the  Bond  albedo  increases  as  the  gravity  increases  for  a  planet 
with  a  given  effective  temperature.  The  Bond  albedo  is  relatively  insensitive  to 
changes  in  the  effective  temperature  of  the  planet  for  a  cloud  free  model.  Water 
clouds  act  to  increase  the  reflectivity  of  the  planet  in  the  red,  which  increases 
the  Bond  albedo.  The  Bond  albedo  increases  by  an  order  of  magnitude  for  a 
13  Mjup  planet  with  an  M6V  primary  when  water  clouds  are  added.  Silicate 
clouds,  on  the  other  hand,  lower  the  reflectivity  (by  a  factor  of  2  in  some  cases) 
of  the  planet,  which  lowers  the  Bond  albedo. 

We  present  results  showing  the  integrated  Bond  albedo  for  a  selection  of  extra- 
solar  giant  planets  and  stellar  types. 


GIANT  PLANET  FORMATION:  LEARNING  FROM  THE  IN¬ 
SIDE 

T.  Guillot  (1,2) 

(1)  Observatoire  de  la  Cote  d’Azur,  BP  4229,  06304  Nice  Cedex  04,  France, 

(2)  Dept,  of  Meteorology,  University  of  Reading,  PO  Box  243,  Reading  RG6 
6BB,  UK. 

guillotCobs-nice.lr/Fax:  +33-4-92  00  31  21 

The  knowledge  of  the  interior  structure  and  composition  of  the  giant  planets 
is  crucial  to  the  understanding  of  their  formation.  I  will  present  the  latest  in¬ 
terior  models  of  Jupiter,  Saturn,  Uranus  and  Neptune,  and  discuss  the  actual 
constraints  we  have  on  those  models,  in  particular  on  the  quantity  of  heavy 
elements”  (elements  other  than  hydrogen  and  helium)  in  the  planet,  and  on 
the  possible  presence  and  mass  of  a  dense  inner  core.  These  constraints  on 
the  present  interior  structures  will  be  turned  into  constraints  on  giant  planet 
formation  theories  by  using  our  (limited)  knowledge  of  their  past  evolution, 
most  importantly  of  the  dominant  transport  processes  in  the  planets.  The  con¬ 
sequences  for  solar  and  extrasolar  giant  planet  formation  will  be  discussed. 


MIGRATION  OF  PLANETESIMALS  AND  PLANET  EMBRYOS 
DURING  THE  PROCESS  OF  PLANET  FORMATION 

S.I.  Ipatov 

Institute  of  Applied  Mathematics,  Miusskaya  sq.  4,  Moscow  125047,  Russia. 
ipatovCspp.keldysh.ru/Fax:  [7]  095-972-0737 

Computer  simulation  of  the  evolution  of  disks  that  originally  consisted  of 
hundreds  of  gravitating  solid  bodies  orbiting  the  Sun  was  made.  The  obtained 
results  show  that  each  of  the  terrestrial  planets  incorporated  planetesimals 
from  all  feeding  zones  of  these  planets.  Up  to  10  %  of  bodies  can  be  ejected 
into  hyperbolic  orbits  from  these  zones.  The  embryonic  masses  of  the  unformed 
terrestrial  and  giant  planets  may  have  exceeded  0.1  and  rri0,  respectively, 
where  is  the  mass  of  the  Earth.  The  time  to  form  80  %  of  the  Earth’s 
mass  may  not  exceed  10  Myr.  The  total  mass  of  bodies  ejected  from  the  zones 
of  the  giant  planets  into  hyperbolic  orbits  may  have  been  ten  times  as  large 
as  the  mass  of  bodies  that  entered  into  the  planets.  The  embryos  of  Uranus 
and  Neptune  with  initial  masses  close  to  the  present  masses  of  these  planets 
may  have  originated  near  the  orbit  of  Saturn  and  then,  due  to  the  interaction 
with  migrating  planetesimals,  may  have  migrated  to  the  present  distances  from 
the  Sun  moving  all  time  in  nearly  circular  orbits.  Jupiter  could  decrease  its 
semimajor  axis  by  0.5  AU.  It  could  incorporate  more  ices  and  rocks  than  any 
other  planet.  Both,  local  beyond-Neptune  planetesimals  and  those  ejected  from 
the  feeding  zone  of  the  giant  planets,  could  form  the  Edgeworth-Kuiper  belt. 
This  work  was  supported  by  the  Russian  Foundation  for  Basic  Research  and 
the  Russian  Federal  Program  "Astronomy”. 


RADIATION  PRESSURE  ON  DUST  AGGREGATES  IN  CIR- 
CUMSTELLAR  DISKS 
H.  Kimura  and  I.  Mann 

Max-Planck-Institut  fur  Aeronomie,  Katlenburg-Lindau,  Germany. 
kimuraChelene.mpae.gwdg.de/Fax:  [49]  5556  979  240 

Circumstellar  dust  particles  play  an  important  role  in  the  formation  of  plan¬ 
etesimals  and  conversely  are  maintained  by  the  supply  from  planetesimals  in  a 
circumstellar  disk.  One  of  the  key  parameters  to  estimate  the  dust  distribution 
in  a  disk  is  the  radiation  pressure  force  acting  on  circumstellar  dust.  We  study 
the  ratio  of  radiation  pressure  to  gravity  on  circumstellar  dust  particles  as  a 
function  of  size.  The  ballistic  particle-cluster  and  cluster-cluster  aggregations 
are  applied  to  model  the  particle’s  shape  and  structure.  We  assume  that  the 
aggregates  consist  of  spherical  monomers  of  identical  size  and  material  compo¬ 
sition.  The  radiation  pressure  cross  sections  are  calculated  using  the  discrete 
dipole  approximation.  We  show  that  the  radiation  pressure  on  an  aggregate 
having  submicron  radius  is  weaker  than  that  on  a  volume-equivalent  sphere. 
Therefore  fluffy  porous  dust  particles  with  submicron  radii  have  a  larger  life¬ 
time,  compared  to  compact  spherical  particles.  As  a  further  consequence,  the 
size  limit  for  particles  that  can  stay  in  bound  orbits  around  the  star  shifts,  when 
we  assume  porous  dust  particles.  We  also  show  that  the  radiation  pressure  per¬ 
pendicular  to  the  wave  vector  of  the  stellar  radiation  can  reach  about  10  % 
of  the  parallel  component  for  dielectric  submicron  aggregates.  Hence  when  a 
fluffy  porous  dust  particle  rotates  randomly,  the  perpendicular  component  may 
yield  a  random  motion  along  the  trajectories  of  the  particle. 


THEORIES  OF  GIANT  PLANET  FORMATION 

Jack  J.  Lissauer 

Space  Science  Division,  NASA  Ames  Research  Center,  Moffett  Field,  CA  94035, 
USA 

An  overview  of  current  theories  of  planetary  formation,  with  emphasis  on  giant 
planets,  is  presented.  The  most  detailed  models  are  based  upon  observations  of  our 
own  Solar  System  and  of  young  stars  and  their  environments.  While  these  models 
predict  that  rocky  planets  should  form  around  most  single  stars,  the  frequency  of 
formation  pf  gas  giant  planets  is  more  difficult  to  predict  theoretically.  Terrestrial 
planets  are  believed  to  grow  via  pairwise  accretion  until  the  spacing  of  planetary  orbits 
becomes  large  enough  that  the  configuration  is  stable  for  the  age  of  the  system.  Giant 
planets  begin  their  growth  as  do  terrestrial  planets,  but  they  become  massive  enough 
that  they  are  able  to  accumulate  substantial  amounts  of  gas  before  the  protoplanetary 
disk  dissipates.  Most  models  for  extrasolar  giant  planets  suggest  that  they  formed  as 
did  Jupiter  and  Saturn  (in  nearly  circular  orbits,  far  enough  from  the  star  that  ice 
could),  and  subsequently  migrated  to  their  current  positions,  although  some  models 
suggest  in  situ  formation. 


SOLAR  SYSTEM  DUST  BEYOND  THE  ASTEROID  BELT 
I.  Maim  (1)  and  M.  Hanner  (2) 
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(2)  Jet  Propulsion  Laboratory,  California  Institute  of  Technology,  Pasadena, 
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The  observation  of  dust  debris  disks  around  niainsequence  stars  raises  the  ques¬ 
tion  to  what  extent  they  are  comparable  to  the  solar  system  dust  cloud.  Most 
of  the  observed  disks  cover  a  region  which  corresponds  to  the  region  of  the 
Kuiper  belt  in  our  solar  system.  However,  our  recent  knowledge  of  the  outer 
solar  system  dust  cloud  is  limited  to  the  region  between  the  asteroidal  belt  and 
Jupiter  mainly,  but  may  allow  for  some  estimates  of  the  dust  cloud  beyond 
that.  We  discuss  the  radial  gradient  of  the  zodiacal  light  brightness  measured 
with  the  photopolarimeter  on  the  Pioneer  10  and  11  spacecraft  as  they  traveled 
from  1  to  5  AU  and  compare  these  measurements  to  estimates  of  the  thermal 
emission  that  could  stem  from  an  outer  solar  system  dust  cloud.  We  finally 
compare  these  results  to  local  dust  fluxes  measured  on  Pioneer  10/11  as  well 
as  on  Ulysses,  which  however,  are  in  a  different  size  interval  of  particles. 
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WHAT  CAN  WE  LEARN  FROM  EXTRASOLAR  GIANT  PLAN¬ 
ETS? 

M.  Marley  (1),  C.  Gelino  (1),  D.  Stephens  (1)  and  J.  Lunine  (2) 

(1)  New  Mexico  State  University,  (2)  Univ.  of  Arizona. 
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Photometry  and  spectroscopy  by  next-generation  instruments  of  extrasolar 
planets  will  reveal  a  great  deal  about  the  character  of  these  objects  and  about 
planetary  processes  operating  in  new  conditions.  We  will  report  on  observa¬ 
tional  tests  for  atmospheric  temperature,  gravity,  and  condensation  derived 
from  over  50  radiative-convective  equilibrium  models  of  extrasolar  giant  planet 
(EGP)  atmospheres.  The  near-infrared  emitted  and  reflected  flux  is  strongly 
dependent  upon  the  presence  or  absence  of  condensates,  upon  their  grain  size 
distribution,  and  their  vertical  extent.  In  the  cold  atmospheres  of  the  solar 
giant  planets  condensates  form  distinct  cloud  layers.  Conversely  in  cool  stel¬ 
lar  atmospheres  condensates  are  apparently  mixed  over  a  substantial  vertical 
extent.  Broad  band  visible  and  near-IR  EGP  photometry  will  thus  provide  in¬ 
teresting  new  information  on  condensate  formation  and  mixing  in  intermediate- 
temperature  planets.  Spectroscopic  detection  of  CH4,  NH3,  and  CO  will  con¬ 
strain  atmospheric  temperature  and  vertical  mixing.  In  both  G1  229  B  and 
Jupiter  vertical  mixing  brings  substantial  non-equilibrium  amounts  of  CO  to 
the  visible  atmosphere.  Measurements  of  the  CO  abundance  for  a  suite  of  plan¬ 
ets  as  a  function  of  g  and  Tt ff,  will  provide  powerful  new  constraints  on  the 
efficiency  of  vertical  mixing  and  the  formation  of  detached  convection  zones,  as 
postulated  for  Jupiter  and  perhaps  observed  in  Gliese  229  B. 


SEARCH  FOR  AN  EXTENDED  EXOSPHERE  AROUND  51  PEG 
B  WITH  ISO 

H.  Rauer  (1),  J.  Schneider,  D.  Bockele’e-Morvan,  A.  Coustenis  (2),  E.  Chas- 
sefiere  (3)  and  T.  Guillot  (4) 

(1)  DLR-Institute  of  Planetary  Exploration,  D-12484  Berlin,  Germany,  (2)  Ob- 
servatoire  de  Paris-Meudon,  F-92195  Meudon,  France,  (3)  LMD/CNRS,  Univ. 
Paris  6,  France,  (4)  LPL,  Univ.  of  Arizona,  USA. 

Observations  of  periodical  Doppler-shifts  in  the  spectrum  of  51  Peg  have  led  to 
the  proposal  of  a  planet  (51  Peg  B)  orbiting  its  star  at  only  0.05  AU  distance 
(Mayor  and  Queloz,  1995).  However,  to  clarify  the  exact  nature  of  the  planet 
it  is  of  increasing  importance  to  confirm  its  existense  by  independent  methods. 
It  seems  likely  that  the  planet  around  51  Peg  it  is  a  large  gas  giant,  simi¬ 
lar  to  Jupiter.  We  expect  a  significant  evaporation  of  its  atmosphere  due  to 
thermal/non-thermal  escape  and/or  gravitational  mass  loss,  forming  a  large 
enveloppe  surrounding  the  planet  and  partially  occult  the  star  (orbit  inclina¬ 
tion  close  to  90°).  We  have  searched  for  absorption  features  of  ions/molecules 
of  this  enveloppe  in  the  near-IR  spectrum  (2.4  /im  to  3.5  fim  and  4.6  /^m  to  4.8 
/im)  of  51  Peg  during  transit  of  its  planet  using  the  short- wavelength  spectro¬ 
graph  (SWS)  on  the  Infrared  Space  Observatory  (ISO).  First  analysis  of  these 
observations  will  be  presented. 


SEARCHING  FOR  PLANETS  WITH  THE  COROT  SPACE  MIS¬ 
SION 

D.  Rouan  (1),  A.  Leger  (2),  P.  Barge  (3)  and  J.  Schneider  (4) 
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The  space  mission  Corot  will  be  launched  in  2001  with  the  scope  of  monitoring 
the  flux  of  thousands  of  stars  with  a  very  high  photometric  accuracy,  during 
several  periods  of  150  jours.  One  of  the  objectives  of  Corot  is  the  detection 
of  extra-solar  planets  by  looking  for  transits  of  planets  in  front  of  the  disk  of 
stars.  Corot  accomodates  a  25  cm  telescope  with  low  straylight,  and  2  x  2048 
x  2048  CCDs  that  will  allow  to  monitor  5000  to  12000  stars  simultaneously  up 
to  the  16th  magnitude.  The  stability  and  noise  performances  should  make  easy 
the  detection  of  Jupiter’s  like  planets  and  possible  the  detection  of  Earth-like 
planets  with  radius  >  1.4 R®.  Under  study  is  a  dispersive  system  that  will  allow 
to  retrieve  some  chromatic  information  :  this  could  be  essential  to  discriminate 
actual  events  against  stellar  fluctuations  that  would  mimic  a  transit  The  mis¬ 
sion,  the  instrument  and  the  results  of  simulations  will  be  presented,  together 
with  a  discussion  on  the  number  of  expected  events:  the  multiple  ones  with  a 
periodic  signature,  or  the  single  or  double  events  with  a  (a)chromatic  signature. 
The  later  ones  may  lead  to  the  discovery  of  planets  in  the  habitable  zone. 


HOW  TO  SEARCH  FOR  RINGS  AND  SATELLITES  OF  EXTRA¬ 
SOLAR  PLANETS 

J.  Schneider  and  J.  Schneider 

CNRS  -  Observatoire  de  Paris,  Meudon  F-92195  France. 

After  the  first  discoveries  of  extrasolar  planets,  a  step  further  consists  in  the 
search  for  their  moons  and  rings.  In  the  Solar  System,  4  planets  have  giant 
satellites  and  one  of  them  has  a  bright  ring.  It  would  be  interesting  to  know  if 
this  is  a  general  trend  in  other  planetary  systems.  Extra-solar  moons  are  also 
of  particular  interest  for  exobiological  purposes:  it  has  recently  been  suggested 
that  ‘life1  can  also  develop  on  satellites  of  these  giant  planets.  Unfortunately 
their  detection,  requiring  a  kilometer-sized  interferometer  in  space  to  get  an 
image,  seems  to  be  so  far  away  in  the  future  that  this  suggestion  cannot  go 
beyond  an  interesting  speculation.  Here  we  show  that  the  detection  of  giant 
moons  and  of  rings  of  giant  planets  is  nevertheless  possible  with  present  tech¬ 
niques  by  the  study  of  their  transits  and  of  their  brightness  variation  along  the 
planet  orbit.  For  planets  in  very  close  orbits,  giant  rings  can  be  detected  by 
precise  infrared  photometry  or  interferometry. 


GEOMETRIC  ALBEDO  MODELS  OF  EXTRA-SOLAR  PLANETS 

D.  Stephens  (1),  M.  Marley,  C.  Gelino  (1)  and  J.  Lunine  (2) 

(1)  New  Mexico  State  University,  (2)  University  of  Arizona. 

We  have  computed  the  geometric  albedo  spectrum  for  over  fifty  different  extra¬ 
solar  planet  model  atmospheres  with  temperatures  ranging  from  100  to  1200 
K  and  gravities  between  22  to  3000  m  sec“2  (1  <  M  <  70  Mj).  The  geo¬ 
metric  albedo  is  computed  as  a  function  of  wavelength  and  we  include  all  the 
opacity  sources  H2-H2,  H2-He,  CH4(  NH3,  H20  and  CO  computed  for  the 
thermochemical  equilibrium  abundance.  We  also  account  for  Rayleigh  and  Ra¬ 
man  scattering,  and  some  models  include  water  and  silicate  clouds.  We  find 
that  Rayleigh  scattering  causes  the  geometric  albedo  to  be  very  bright  in  the 
blue  region  from  0.3  to  0.6  microns.  Beyond  0.6  microns  extra-solar  planets 
will  be  dark  in  reflected  light  for  effective  temperatures  between  about  500  to 
1000  K.  At  lower  temperatures  the  presence  of  a  water  cloud  will  significantly 
brighten  the  spectra  beyond  0.6  microns.  Silicate  clouds  will  darken  the  planet 
at  all  wavelengths.  For  cloud  free  atmospheres  there  does  not  appear  to  be  a 
strong  correlation  between  the  geometric  albedo  and  temperature,  while  there 
is  a  gravity  dependence.  We  also  find  that  the  geometric  albedo  falls  off  very 
rapidly  in  the  near  infrared,  where  these  objects  are  much  darker  than  pre¬ 
viously  suspected.  These  results  are  relevant  to  efforts  at  imaging  extra-solar 
planets. 


THE  FORMATION  OF  THE  SOLAR  SYSTEM 

V.  N.  Svetlov 

Ioffe  Physical  Technical  Institute 
E-mail :  katrine@fracture.ioffe.rssi.ru 

Proceeding  from  the  supposition  that  the  collapse  of  the  protocloud 
could  be  accompanied  by  waves  of  different  nature,  the  hypothesis  is 
put  forward  which  consider  the  cosmic  bodies  populates  the  solar 
system  as  the  product  of  the  wave  parametric  resonance  interaction.  A 
schematic  model  of  the  phenomenon  which  permits  to  connect  the 
wave  parameters  with  the  observable  characteristics  of  planets  and 
satellites.  Some  consequences  connected  with  the  existing  anomalies 
in  the  solar  system  structure  are  indicated.  It  has  been  shown  that  the 
formation  of  planets  was  sequentially  in  time.  Time  scale  for  the 
planets  is  ca.  1000  years.  Time  scale  for  the  satellites  is  ca.  million 
years. 
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ON  MOVEMENT  OF  THE  CONTINENTS 
V.  N.  Svetlov 

Ioffe  Physical  Technical  Institute,  Polytekhnicheskaya  26,  St.Petersburg,  194021 
RUSSIA,  E-mail:  katrine@fracture.ioffe.rssi.ru 

It  is  known  that  there  exist  incontestable  evidences  of  the  past  and  actual  movement  of 
the  continents  [I],  Various  processes  enabling  to  cause  this  phenomenon  are  discussed 
[2]  The  hypotheses  corresponding  the  movement  of  the  continents  with  the  processes 
proceeding  in  the  upper  Earth  mantle  seem  to  be  the  most  reliable.  In  particular,  one 
cannot  exclude  that  the  observed  tectonic  activity  of  the  Earth  is  caused  by  water.  The 
water  covers  70  per  cent  of  the  Earth's  area  and  it  is  related  to  the  most  mobil  and 
active  reagents  which  enable  to  stimulate  essential  changes  in  the  strata.  In  this  light, 
the  water  accumulation  on  the  Earth's  surface  is  a  principal  problem  in  understanding 
the  tectonic  phenomena  that  could  be  related  to  the  inner  horizon  hydratation 
developing  up  to  now.  On  the  other  hand,  the  geological  studies  have  revealed  the 
periodicity  of  the  tectonic  activity  begining  from  the  moment  postponed  at  4  Gyears 
ago  It  seems  we  deal  with  a  certain  transition  process  which  acts  up  to  now.  This 
process  could  start  due  to  a  collision  of  the  Earth  with  a  cosmic  body  consisting 
predominantly  of  the  supercooled  ice  at  the  moment  indicated  above.  In  result  of  the 
inelastic  shock,  a  greater  part  of  the  water  (in  the  form  of  ice)  occured  to  be  in  the 
region  of  the  Pacific  Ocean  with  the  Moon  being  separated  from  the  opposite  side. 
Further  processes  were  washing  out  of  the  carbon  dioxide  from  the  Earth’s  atmosphere 
with  further  carbonates  accumulation,  and  the  ice/water  re-distribution  over  the  Earth  s 
surface  leading  to  the  starata  hydratation  and  to  beginning  of  the  continent  moving 
mechanism.  Thus  the  actually  observed  phenomenon  could  be  a  consequence  of  the 
evolution  of  the  Solar  system  as  a  whole  [3].  Taking  into  account  this  circumstance 
one  could  avoid  some  difficulties  when  analyzing  the  processes  taking  place  on  the 
Earth's  surface  at  present. 


GROWTH  OF  A  MIGRATING  PROTOPLANET 
Hidekazu  Tanaka  and  Shigeru  Ida 

Department  of  Earth  and  Planetary  Sciences,  Tokyo  Institute  of  Technology, 
Tokyo  152,  Japan. 

hidekazuCgeo.titech.ac . jp/Fax:  [+81]  3-5734-3538 

In  the  solar  nebula,  protoplanets  rapidly  migrate  to  the  sun  due  to  the  tidal  in¬ 
teraction  with  the  nebula(e.g.,  Ward  1986,  Icarus  67,  164-180).  We  investigated 
the  growth  of  a  migrating  protoplanet.  The  accretion  rate  of  planetesimals 
to  the  protoplanet  strongly  depends  on  the  orbital  elements  of  planetesimals 
(e.g.,  their  eccentricities  and  inclinations).  We  directly  calculated  the  orbital 
evolutions  of  2000  planetesimals  in  the  vicinity  of  the  migrating  protoplanet 
and  obtained  the  accretion  rate  by  counting  the  number  of  collisions  with  the 
protoplanet.  In  our  simulation,  the  migration  speed  of  the  protoplanet  is  a  pa¬ 
rameter.  For  various  values  of  the  migration  speed,  we  performed  simulations 
and  obtained  the  accretion  rate  as  a  function  of  the  migration  speed.  As  a 
result,  we  found  that  the  accretion  rate  becomes  large  with  an  increase  in  the 
migration  speed.  The  comparison  of  the  obtained  accretion  rates  with  that  of 
the  case  with  no  migration  showed  that  the  rapid  migration  of  a  protoplanet 
enhances  the  accretion  rate  by  more  than  the  factor  10.  This  enhancement  of 
the  accretion  rate  may  make  it  possible  that  planets  is  formed  before  they  fall 
to  the  sun  due  to  the  tidal  interaction  with  the  solar  nebula. 


PS13  Mars  Pathfinder  Mission:  Update 

Convener:  Keller,  H.U. 

Co-Conveners:  Golombek,  M.P.;  Wanke,  H. 


MIGRATION  AND  EVOLUTION  OF  EXTRASOLAR  PLANETS 
D.  E.  Trilling  (1),  J.  I.  Lunine  (1),  W.  Benz  (2,3),  T.  Guillot  (4),  W.  B. 
Hubbard  (1)  and  A.  Burrows  (2) 

(1)  Lunar  and  Planetary  Lab,  University  of  Arizona,  Tucson,  AZ  85721  USA, 

(2)  Steward  Observatory,  University  of  Arizona,  Tucson,  AZ  85721  USA, 

(3)  Physikalisches  Institut,  Universitaet  Bern,  Sidlerstrasse  5,  CH-3012  Bern, 
Switzerland,  (4)  Observatoire  de  la  Cote  d’Azur,  BP  4229,  06304  Nice  Cedex 
04,  France. 

trillingClpl.arizona.edu/Fax:  [+1]  520  621  4933 

The  recent  discoveries  of  extrasolar  planets  at  a  wide  range  of  heliocentric  dis¬ 
tances  have  raised  questions  of  giant  planet  migration.  Giant  planets  can  mi¬ 
grate  from  their  formation  locations  at  several  AU.  Inward  migration  is  caused 
by  angular  momentum  exchange  with  the  circumstellar  disk.  When  a  planet 
gets  close  to  its  central  star,  tidal  bulges  raised  on  the  central  star  can  slow 
a  planet’s  inward  migration.  Still  closer  to  the  star,  Roche  lobe  overflow  and 
planetary  mass  loss  can  occur.  We  show  that  after  migrating,  some  planets 
can  survive  at  small  heliocentric  distances,  and  some  at  more  modest  heliocen¬ 
tric  distances,  thus  reproducing  the  observed  distribution  of  extrasolar  planets 
and  also  Jupiter.  The  final  heliocentric  distances  and  masses  of  giant  planets 
depend  on  the  characteristics  of  the  protostellar  nebula.  We  will  also  discuss 
interactions  of  the  young  star’s  strong  stellar  wind  with  planets  at  small  helio¬ 
centric  distances.  Lastly,  we  will  discuss  the  predicted  distribution,  based  on 
our  planetary  migration  model,  of  giant  planets  around  normal  stars. 


MASS  AND  HEAT  TRANSFER  RELATED  TO  INFALL  OF 
THE  ENVELOPE  ONTO  THE  PROTOPLANETARY  DISK 

I.N.Ziglina  (1),  A.B.Makalkin  (1),  V.A.Dorofeeva  (2),  V.S.Safronov  (1) 
(l)Schmidt  Institute  of  Physics  of  the  Earth,  Moscow,  (2) Vernadsky  In¬ 
stitute  of  Geochemistry  and  Analytical  Chemistry,  Moscow 
ziglina@uipe-ras.scgis.ru  /FAX:  7  095  254  9088 

We  consider  infall  of  material  from  the  envelope  onto  the  protoplanetary 
disk  at  the  stage  of  protosolar  collapse.  We  calculate  the  location  zi,  of 
the  boundary  layer  between  the  envelope  and  the  disk  (zj,  ft*  3  scale 
heights),  the  thickness  of  the  layer  and  the  turbulent  viscosity  in  it.  The 
radial  dependence  of  mass  flux  onto  the  disk  is  found  to  be  essentially 
different  from  that  for  infinitely  thin  disk.  The  radial  damping  length  for 
the  material  subjected  to  viscous  stresses  in  the  boundary  layer  is  ~  re 
(the  radius  of  entrance  into  the  layer).  In  a  time  of  collapse  the  mass 
flux  onto  the  protosun  due  to  turbulent  viscosity  in  the  boundary  layer  is 
~  10"4  of  disk  mass  and  therefore  is  insignificant  for  total  mass  transport 
in  the  disk.  The  calculated  values  of  Ma  show  that  a  shock  front  exists 
above  the  whole  disk.  The  heating  of  the  disk  due  to  radiation  from  the 
shock  front  is  evaluated  to  be  much  lower  then  heating  by  radiation  of 
optically  thick  envelope  and  viscous  heating  in  the  disk. 


Laboratory  Spectrophotometric  Measurements  of  Mars  Analog 
Materials  and  Implications  for  the  Data  Evaluation  of  the  Imager  for 
Mars  Pathfinder  (IMP). 

G.  Arnold.  A.  Dummel,  P.  Lampen,  F,  Trauthan  (DLR.  Institut  fUr 
Planetenerkundung,  Berlin,  Germany),  P,  Smith  and  D.  Britt  (University  of 
Arizona,  Lunar&PIanctary  Laboratory.  Tucson,  Arizona,  USA),  J.  R.  Johnson 
(U.S.G.S.,  Flagstaff,  Arizona) 

Laboratory  reflectance  spectra  of  Mars  analog  materials  have  been  analyzed  at  IMP 
wavelengths  (400-1000nm)  for  relevant  observation,  illumination  and  azimuth  angles 
using  the  r^-Gonio-Photometry-Uboratory  (GPL).  Ferric  oxides,  different  day 
minerals,  palagonitic  soil s  in  different  particle  tat  fractions  and  some  mixtures  of  these 
materials  were  used  to  simulate  the  spectrophotometric  behavior  of  Martian  dust  and 
sand  weathering  products  observed  at  the  Pathfinder  laMing  site.  The 
spectrophot  metric  measurements  of  particulate  Mars  analogs  at  different  phase  and 
azimuth  angles  show  that  at  phase  angles  below  40°  an  Increase  of  reflectance  with 
decreasing  particle  size  takes  place  (opposition  effect).  This  effect  depends  on  the 
particle  size,  the  phase  and  the  azimuth  angle.  The  photometric  equator  images  of 
IMP  are  covering  phase  angles  from  0  - 155®  (Johnson  J.  R.,  (1997),  AGU,  P22A- 
07).  In  order  to  discuss  the  implications  for  the  IMP  data  evaluation  the  surface 
normals  and  phase  angels  for  two  IMP  target  areas  arc  calculated  from  a  DTM. 
The  influence  of  phase  angle  variations  on  the  surface  brightness  is  discussed  for 
different  IMP  wavelengths. 
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MORPHOLOGICAL  CHARACTERISTICS  OF  SEVERAL  ROCKS  WITHIN 
AND  NEAR  THE  ROCK  GARDEN:  PATHFINDER  LANDING  SITE,  MARS 

A.  T.  Basilevsky  (1),  W.  J.  Markiewicz  (2)  and  H.  U.  Keller  (2) 

(1)  Vernadsky  Institute,  Moscow,  Russia,  abasilevsky@glasnet.ru, 

(2)  Max-Planck  Institute  fur  Aeronomy,  Katlenburg 'Lindau,  Germany, 
markiewicz@linmpi.mpg.de,  keller@linmpi.mpg.de 

Several  rocks  within  the  Rock  Garden  locality  at  the  Pathfinder  landing  site  have  been 
studied.  Rocks  Chimp,  Half  Dome,  Moe,  Stimpy,  and  Flat  Top,  all  comparable  in  size 
with  rover  Sojourner  (32x47x62  cm),  as  well  as  several  smaller  rocks  were  examined 
for  their  3-D  properties  from  stereo  images  taken  by  the  lander  and  rover  cameras.  The 
maximum  resolution  of  the  analyzed  images  of  about  0.5-0.8  mm/pixel  allows  to  study 
the  rocks  and  soils  with  unprecedented  detail.  The  rocks’  surface  texture  vary  from 
rock  to  rock  from  massive  with  surface  pits  and  flutes  (e.g.  Moe)  to  highly  pitted  or 
vesicular  (Chimp).  The  pits  and/or  vesicles  typically  have  very  sharp  edges.  Some 
rocks  show  fractures,  prominences,  and  dents  with  edges  and  points  that  are  also  very 
sharp.  If  we  ignore  the  effect  of  dust  mantling  on  the  tops  of  some  of  the  rocks,  the 
sharpness  of  the  rocks  micro  relief  does  not  vary  as  the  position  from  the  base  of  the 
rock.  We  consider  these  observations  as  evidence  of  lack  of  significant  eolian  abrasion 
of  the  studied  rocks’  surfaces.  Number  of  small  rocks  does  not  seem  to  be  greater  near 
the  base  of  larger  rocks  than  in  general  scenary,  indicating  that  the  majority  of  the 
small  rocks  are  not  the  result  of  the  in-situ  destruction  of  the  larger  ones.  We  did  not 
find  in  the  studied  images  any  good  candidates  for  pebble-bearing  conglomerates.  This 
may  be,  however,  due  to  the  incompleteness  of  our  ongoing  study. 


RIGOROUS  LEAST  SQUARES  ADJUSTMENT  OF  IMAGER  FOR  MARS 
PATHFINDER  PANORAMIC  STEREOBUNDLE  BLOCK 

Egpn  Dorrer,  UniBwM;  Randolph  Kirk,  USGS;  Jurgen  Peipe,  UniBwM 

UniBw  Munchen,  85577  Neubiberg,  Germany;  USGS,  Flagstaff  AZ  86001,  USA 
Fax:  (int+)49-89-6004-3448;  (int+)01-520-556-709C> 

The  paper  describes  the  digital  and  analytical  photogrammetric  process  for  a  rigo¬ 
rous  adjustment  of  IMP  stereoimage  data  constituting  a  foil  360  degree  panoramic 
roosaik.  The  mathematical  approach  assumes  rigid  yet  not  exactly  known  interior 
(calibration)  and  relative  orientations  (pose)  of  the  stereocamera  and  approximate 
exterior  orientation  of  the  IMP  camera  head  The  photogrammetric  panoramic 
block  consists  of  a  set  of  images  overlapping  each  other  both  in  azimuthal  and  ver¬ 
tical  direction.  In  the  overlapping  zones  between  adjacent  images,  tiepoints  have 
been  measured  automatically  on  a  digital  photogrammetric  saftcopy  workstation  to 
subpixel  accuracy.  The  mathematical  model  for  the  IMP  stereobundle  configuration 
is  briefly  described  The  panoramic  block  has  been  adjusted  simultaneously  for  all 
stereoimages  by  mfeans  of  a  modified  version  of  the  program  package  CAP  origi¬ 
nally  developed  for  industrial  close-range  applications.  The  final  results  yield  a 
highly  qualitative,  precise  and  consistent  set  of  adjusted  orientation  parameters  for 
all  images  of  the  mosaik,  and  are  prerequisite  for  the  derivation  of  a  see  ml  ess  ste¬ 
reopanorama. 


DOES  THE  PATHFINDER  VALUE  FOR  THE  MOMENT  OF  INERTIA 
FACTOR  IMPLY  A  NON-CHONDRITIC  FE/SI  RATIO  OF  MARS? 

G.  Dreibus  and  H.  W=E4nke 

Max-PIanck-Institut  frFCr  Chemie,  Saarstr.  23,  D-55122  Mainz 
dreibus@mpch-mainz.  mpg.de/Fax:  +49-6 131-371 290 

The  APXS-measurements  of  the  Pathfinder  (MPF)  mission  confirmed  the  high  =46eO 
content  in  the  martian  mantle  as  estimated  by  Dreibus  &  W=E4nke  (DW)  (1984)  using 
data  from  martian  meteorites  (SNC's).  According  to  the  DW  Mars  model,  Mars  formed 
with  40  %  Cl  material  (component  B),  the  rest  being  volatile  depleted  highly  reduced 
matter  (component  A).  Assuming  a  chondritic  Fe/Si  ratio  for  the  whole  planet  and 
assuming  all  the  sulfur  to  have  entered  the  core,  a  core  mass  of  21  %  of  the  planet 
mass  was  obtained  containing  14  %  S.  This  leads  to  a  moment  of  inertia  factor 
(I/MR2)  of  0.355  =B1  0.002  (Bertka  &  Fei  (1997)  and  Sohl  &  Spohn  (1997)).  The 
MPF  mission  has  provided  a  new  value  for  I/MR2  of  0.3662  =B1  0.0017  (Folkner  et 
al.  (1997),  which,  if  correct,  could  mean  either  a  smaller  or  less  dense  core  (Sohl  & 
Spohn,  1997)  or  a  denser  mantle  (higher  FeO)  (Bertka  &  Fei,  1997).  Both  models 
predict  a  non-chondritic  Fe/Si  ratio  for  the  whole  planet.  One  possibility  to  preserve 
the  chondritic  Fe/Si  ratio  is  to  reduce  the  mean  density  of  the  core  by  having,  beside  S, 
a  further  light  element  in  the  core.  For  example,  40  %  Cl  matter  would  add  1.4  % 
carbon  to  the  planet,  resulting  in  5.6  %  carbon  in  the  core.  Another  possibility  is  H. 
Both  H  and  C  have  been  postulated  by  Zharkov  (1996)  to  have  entered  the  core  of 
Mars.  In  light  of  the  scarcity  of  C-compounds  on  the  martian  surface  as  well  as  in 
martian  meteorites,  it  would  make  sense  that  C  has  dissolved  in  the  core  to  a  large 
extent. 


PRECISION  CARTOGRAPHIC  MAP  OF  THE 
PATHFINDER  LANDING  SITE 

Thomas  C.  Duxburv 

Jet  Propulsion  Laboratory,  Pasadena,  CA,  USA  91109 
tduxbury@naifjpl.nasa.gov,  Fax:  1  818  3933517 

Viking  Orbiter  images  were  reprocessed  using  new  techniques  to 
produce  a  precision  controlled,  photomosaic  map  of  the  Mars  Pathfinder 
landing  site  prior  to  landing.  The  difference  between  the  Mars-fixed 
coordinates  of  the  lander  as  determined  from  the  precision  cartographic 
map  product  and  that  determined  from  earth-based  radio  tracking  of  the 
lander  (Falkner,  1997)  are  essentially  zero,  within  the  accuracy  of  the 
radio  tracking  solution.  The  precision  cartographic  map  product  was 
produced  from  measuring  a  totally  new  control  network  of  586  points, 
local  to  the  landing  site,  observed  in  50  Viking  Orbiter  images.  Mars- 
fixed,  areocentric  coordinates  of  latitude,  longitude  and  radius  for  each 
control  point  together  with  special  camera  pointing  parameters  and  orbit 
parameters  were  estimated  in  the  block  adjustment,  typically  not 
estimated  in  previous  cartographic  efforts.  Convergence  angles  of 
typically  40  deg  and  as  large  as  90  deg  for  the  control  points  were 
achieved  in  the  highly  over  determined  system  of  observations.  No  tie 
was  made  to  the  nearby  Viking  1  landing  site  and  special  data  weighting 
was  employed  to  produce  the  map  which  was  tied  to  the  digital  terrain 
model  derived  from  the  dense  control  network. 


ON  PROBLEM  OF  ENRICHMENT  IN  ,3C  OF  THE  MARTIAN 
CARBON 

E  M.  Galimov  (V.  I.  Vernadsky  Institute  of  Geochemistry  and 
Analytical  Chemistry,  Russian  Academy  of  Sciences,  Kosygin  Street 
19,  Moscow  11975,  Russia) 

SNC-meteorites  are  known  to  have  unusual  !3C/,2C  isotope 
composition.  The  fact  that  both  martian  carbonates  and  C02  of  the 
atmosphere  are  inriched  in  ,3C  (5I3C  +30  -  +40  %o)  is  evidence  that 
this  is  a  global  scale  martian  phenomenon.  The  concept  is  developed 
that  the  ancient  martian  atmosphere  was  reduced  and  dominated  in 
CH^  The  C02  component  of  such  an  atmosphere  ought  to  be  enriched 
in  3C  due  to  thermodynamic  isotope  effect  in  CH4-C02  isotope 
exchange  system.  If  the  methane  component  was  largely  lost  by  Mars 
while  isotopically  heavy  C02  was  retained,  the  whole  martian  surface 
carbon  reservoir  would  become  isotopically  heavy.  It  is  suggested  that 
reduced  atmosphere  is  a  common  characteristic  of  planets  on  their 
early  stage.  In  contrast  to  Mars  the  Earth  retained  both  CH4  and  C02 
and  consequent  oxidizing  of  CH4  led  to  the  "normal"  isotope 
composition  of  the  Earth  crust  carbon  reservoir. 


Photogrammetric  Analysis  of  Far-Field  IMP  Images 

B.  J-  Oberst,  F.  Trauthan,  R.  Jaumann  (DLR,  Institute  of 

Planetary  Exploration,  Rudower  Chaussee  5, 12489  Berlin,  Germany ) 

We  performed  a  photogrammetric  analysis  of  IMP  images  from  stowed 
and  deployed  camera  positions  to  map  the  far-field  (  >  50m  )  terrain  of 
the  Mars  Pathfinder  landing  site.  Combining  images  from  stowed  and 
deployed  camera  positions  instead  of  left-  and  right  eye  images 
increases  the  stereo  baselength  from  15cm  to  61cm  thus  improving  any 
measurements  of  distance  greatly.  We  first  adjusted  the  azimuth  and 
elevation  angles  of  the  involved  images  using  a  photogrammetric  bundle 
block  adjustment.  This  is  necessaiy  because  the  commanded  camera 
pointing  angles  are  accurate  to  about  1  degree  only.  On  the  basis  of  the 
adjusted  pointing  angles,  we  then  obtained  the  coordinates  of  distant  (« 
100m)  target  object  points  with  accuracies  of  some  meters.  To  enhance 
the  reliability  of  the  crucial  image  point  coordinates,  measurements  were 
carried  out  on  a  digital  photogrammetric  workstation  using  state-of-the- 
art  software.  Results  of  this  study  may  ultimately  be  applied  to 
determine  sizes  of  rocks  in  the  background  of  Pathfinder  images  and 
thus  to  extend  measurements  of  the  size-frequency  distributions 
(Hauber  et  al.,  this  meeting)  to  larger  sizes. 
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THE  MARS  PATHFINDER  MISSION  AND  SCIENCE  RESULTS 

M.  P.  Golombek  and  M.  P.  Golombek 

Jet  Propulsion  Laboratory,  Caltech,  Pasadena,  CA  91109. 

Mars  Pathfinder  successfully  landed  on  the  surface  of  Mars  on  July  4,  1997, 

deployed  and  .  .  .  tA 

navigated  a  small  rover,  and  collected  data  from  3  science  instruments  and  10 
technology  experiments.  The  mission  operated  for  3  months  and  returned  2.6 

Gbits  of  new  , 

data,  including  over  16,000  lander  and  550  rover  images,  16  chemical  analyses 
of  rocks  and  soil,  ...  . 

and  8.5  million  individual  temperature,  pressure  and  wind  measurements,  ihe 
mission  captured  .  .  ..  a  . 

the  imagination  of  the  public,  garnered  front  page  headlines  during  the  first 

week,  and  became 

the  largest  internet  event  in  history.  Chemical  analyses  indicate  some  rocks 
may  be  high  in 

silica  implying  differentiated  parent  materials.  Rounded  pebbles  and  cobbles 
and  a  possible  .  . 

conglomerate  suggest  fiuvial  processes  that  imply  liquid  water  in  equilibrium 
with  the  atmosphere 

and  thus  a  warmer  and  wetter  past.  The  moment  of  inertia  indicates  a  central 

metallic  core  . 

of  1300-2000  km  in  radius.  Composite  airborne  dust  particles  appear  magne¬ 
tized  by  freeze  dried  , 

maghemite  stain  or  cement  that  may  have  been  leached  from  crustal  materials 

by  an  active  ^  ..  t 

hydrologic  cycle.  Remote  sensing  data  at  a  scale  of  generally  greater  than  1 

km  and  an  Earth  ....  ,  ... 

analog  correctly  predicted  a  rocky  plain  safe  for  landing  and  roving  with  a  va¬ 
riety  of  rocks 

deposited  by  catastrophic  floods  that  are  relatively  dust  free. 


MARS  PATHFINDER  LANDING  SITE:  WIND-RELATED  FEATURES. 
Ronald  Greeley,  Robert  Sullivan,  Michael  Kraft  (Arizona 
State  Univ.);  Peter  Smith  (Univ.  Ariz.);  Michael  Malin 
(Malin  Space  Sci.  Sys.);  Ruslan  Kuzmin  (Vernadsky  Inst- 
Russian  Acad.  Sci.);  M.P.  Golombek,  Ken  Herkenhoff  (JPL) 

A  variety  of  features  attributed  to  aeolian  processes 
are  identified  at  the  Mars  Pathfinder  (MPF)  landing  site 
including  dust  settled  from  the  atmosphere  on  rocks, 
wind-sculpted  drift  deposits,  dunes,  venti facts,  and 
ripplelike  patterns.  These  features  suggest  the  presence 
of  sand-sized  (>60  micrometers)  grains  capable  of 
saltation  and  abrasion.  The  orientations  of  MPF  aeolian 
features  suggest  winds  blowing  toward  the  217  deg  azi¬ 
muth.  This  compares  with  an  average  azimuth  of  213  deg 
for  bright  wind  streaks  seen  on  Viking  Orbiter  images 
near  the  site,  and  General  Circulation  Model  predictions 
of  strongest  winds  blowing  toward  209  deg  azimuth  in 
northern  winter.  The  orientations  seen  on  IMP  images  of 
the  3  wind  socks  indicate  wind  direction  and  magnitude. 
The  wind  socks  measured  gentle  winds  -10  m/sec  from  the 
south-southwest,  consistent  with  the  predictions  of  the 
GCM.  The  3  wind  socks  enable  surface  wind  shears  and  the 
surface  roughness  parameter  to  be  determined,  which  are 
critical  for  understanding  aeolian  processes. 


ASSESSMENT  OF  MARS  PATHFINDER  LANDING  SITE  PRE¬ 
DICTIONS 

M.  P.  Golombek  (1),  A.F.C.  Haldemann  (2),  H.J.  Moore  (3),  T.J.  Parker  (4), 
J.T.  Schofield  (5)  and  M.  P.  Golombek  (1) 

(1,2, 4, 5)  Jet  Propulsion  Laboratory,  Caltech,  Pasadena,  CA  91109,  (3)  U.S. 
Geological  Survey,  Menlo  Park,  CA  94025. 

The  Mars  Pathfinder  lander  came  to  rest  on  a  rocky  depositional  plain  in  Ares 

Vallis  with  .  , 

characteristics  that  were  predicted  from  remote  sensing  data  at  a  much  coarser 

scale  prior  to  .....  ... . 

landing.  Delay-Doppler  radar  predicted  the  elevation  of  the  site  to  be  within 

100  m  of  Viking 

Lander  1  with  respect  to  the  6.1  mbar  geoid,  which  is  confirmed  by  tracking 
results. 

Assumed  atmospheric  conditions  were  well  within  the  entry,  descent  and  land¬ 
ing  design.  The  . 

gently  undulating  surface  around  the  lander  is  consistent  with  radar  root-mean- 
square  slopes  near 

5.  Rock  abundance  from  Viking  orbiter  thermal  data  and  estimates  of  the  area 
covered  by 

potentially  hazardous  rocks  higher  than  0.5  m  are  similar  to  that  measured  at 

the  landing  site.  ,  ,  ,  ,. 

Radar  reflectivity  and  thermal  inertia  indicate<rthejmrface  was  safe  for  landing 

and  roving.  Color  .  . 

and  albedo  data  suggest  Ares  Vallis  to  be  relatively  dust  free,  which  is  borne 

out  by  the  . . 

dark-gray  rocks  at  the  site.  Finally,  the  Ephrata  Fan,  an  Earth  analog  in  the 

Channeled  Scabland  in 

Washington,  compares  favorably  with  the  moderately  rocky  depositional  plain 
near  the  mouth  of 
Ares  Vallis, 


GCM  SIMULATIONS  OF  THE  MARS  PATHFINDER  ASI/MET  DATA 

R.  Haberle  (1),  M.  Joshi  (1),  J.  Murphy  (2),  J.  Hollingsworth  (2),  J.  Barnes 
(3),  and  J.  Schaeffer  (4) 

(1)  NASA /Ames  Research  Center,  (2)  San  Jose  State  University,  (3) 
Oregon  State  University,  (4)  Sterling  Software. 
bhaberle@mail.arc.nasa.gov/Fax:  650-604-6779 

Mars  Pathfinder  successfully  landed  in  the  Ares  Vallis  flood  plain 
(19.3°N,  33.6°W)  on  July  4,  1997.  The  spacecraft  carried  a  suite  of 
instruments  to  record  the  structure  of  the  atmosphere  during  the  entry, 
descent,  and  landing  as  well  as  for  monitoring  meteorological  phenomenon 
while  on  the  surface.  Collectively,  these  instruments  are  known  as  the 
ASI/MET  experiment  (Atmospheric  Structure  Investigation  / 
METeorology).  To  help  interpret  these  data  we  have  carried  out  set  of 
experiments  with  the  same  version  of  the  NASA/Ames  Mars  General 
Circulation  Model  (MGCM)  that  was  used  to  predict  meteorological 
conditions  for  the  Pathfinder  mission  (Haberle  et  al.,  J.  Geophys.  Res.,  102, 
13,301-13,311,  1997),  but  with  the  following  upgrades:  (1)  a  higher  model 
top  (-100  km),  (2)  an  approximate  treatment  of  non  LTE  effects  for  solar 
radiation,  and  (3)  a  new  boundary  layer  scheme  based  on  a  modified 
version  of  the  "level  2H  theory  of  Mellor  and  Yamada  {Rev.  Geophys 20, 
851-875,  1982).  This  upgraded  version  is  better  able  to  simulate  the  entry 
data,  as  well  as  the  landed  meteorology  data. 


PLEASE  CORRECT  THE  SESSION  ON  THE  FOLLOWING  ABSTRACT 
SUBMITTED  BY  R  GREELEY  TO  PS13  MARS  PATHFINDER.  THANK  YOU. 
-B  ERWIN  (FOR  GREELEY) 


MARS  PATHFINDER  LANDING  SITE:  WIND-RELATED  FEATURES. 

Ronald  Greeley,  Robert  Sullivan,  Michael  Kraft  (Arizona  State  Univ.);  Peter  Smith 
(Univ.  Ariz.);  Michael  Malin  (lylaUn  Space  Sci.  Sys.);  Ruslan  Kuzmin  (Vernadsky 
Inst-Russian  Acad.  Sci.);  M.P.  Golotpbek,  Ken  Herkenhoff  (JPL) 

A  variety  of  features  attributed  to  aeolian  processes  are  identified  at  the  Mars 
Pathfinder  (MPF)  landing  site  including  dust  settled  from  the  atmosphere  on  rocks, 
wind-sculpted  drift  deposits,  dunes,  ventifacts,  and  rifjpl,elike  patterns.  These  features 
suggest  the  presence  of  sand-sized  (>60  micrometers)  grains  capable  of  saltation  and 
abrasion.  The  orientations  of  MPF  aeolian  features  suggest  winds  blowing  toward  die 
217  deg  azimuth.  This  compares  with  an  average  azimuth  of  213  deg  for  bright  wind 
streaks  seen  on  Viking  Orbiter  images  near  the  site,  and  General  Circulation  Model 
predictions  of  strongest  winds  blowing  toward  209  deg  azimuth  in  northern  winter 
The  orientations  seen  on  IMP  images  of  the  3  wind  socks  indicate  wind  direction  and 
magnitude.  The  wind  socks  measured  gentle  winds  -10  m/sec  from  the 
south-southwest,  consistent  with  the  predictions  of  the  GCM.  The  3  wind  socks  enable 
surface  wind  shears  and  the  surface  roughness  parameter  to  be  determined,  which  are 
critical  for  understanding  aeolian  processes. 


ROCK  STATISTICS  AT  THE  MARS  PATHFINDER  LANDING 
SITE 

A.  F.  C.  Haldemann  (1),  R.  C.  Anderson  (1),  N.  T.  Bridges  (1),  E. 
Hauber  (2),  R.  Jaumann  (2)  and  M.  P.  Golombek  (1) 

(1)  Jet  Propulsion  Laboratory,  Pasadena,  CA  91109-8099,  USA,  (2)  DLR,  In¬ 
stitute  of  Planetary  Exploration,  D- 12484  Berlin,  Germany. 
albertCdasdev.jpl.nasa.gov/Fax:  [+1]  818-354-6825 
A  population  of  some  2000  rocks  was  measured  at  the  Pathfinder  landing  site 
using  the  NASA  Ames  Marsmap  virtual  reality  system  during  the  first  6  weeks 
of  mission  operations.  Rocks  in  the  far-field  were  also  measured  directly  using 
the  stereo  base  afforded  by  the  Imager  for  Mars  Pathfinder,  with  views  from 
before  and  after  deployment  on  its  mast.  Rock  frequency  and  size  distribution 
statistics  are  consistent  with  remotely  sensed  data,  and  with  Earth  analog  sites. 
A  database  containing  the  rock  set  is  being  used  for  further  analysis  of  rock 
shape,  colour  and  burial.  Study  of  this  database  may  elucidate  whether,  and 
to  what  extent,  distinct  rock  populations  are  present  at  the  MPF  site. 
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THE  ROCK  POPULATION  AT  THE  PATHFINDER  LANDING  SITE 

E,.Hauter,  R.  Jaumann,  C.  Mosangini,  N.  Russ,  K.-D.Matz  and  F.  Trauthan 
(DLR,  Institute  of  Planetary  Exploration,  Berlin)  and  the  Patfinder  Imaging  Team 

On  July  4th  1997,  the  Mars  Pathfinder  landed  in  Chryse  Planitia~at  the  northern  end 
of  the  outflow  channel  Ares  Vallis  (19.33°N,  33.55°W).  Until  September  27th  1997, 
more  than  16,000  images  of  the  stereo  camera  on  the  lander  and  550  images  of  the 
rover  camera  were  transmitted  to  Earth.  They  show  a  slightly  undulated  surface, 
covered  by  rocks  of  different  size  and  shape.  The  areas  between  rocks  and  partly  the 
rocks  themselves  are  covered  by  fines,  most  probably  dust.  Since  the  size 
distribution  of  material  can  be  used  to  place  constraints  on  sediment  emplacement 
mechanisms,  the  visual  width  of  rocks,  their  height,  and  their  position  were 
measured  in  the  stereo  images.  Additionally,  an  algorithm  was  developed  to 
distinguish  automatically  between  rocks  and  soil,  making  use  of  the  blue/red  ratio  of 
color  filters  and  the  height  information  in  a  digital  elevation  model.  The  results  were 
compared  to  the  size  distribution  of  material  at  the  landing  sites  of  Viking- 1  (also  in 
Chryse  Planitia)  and  Viking-2  (Utopia  Planitia)  and  to  rocky  terrestrial  sites  thought 
to  be  analogous  to  Mars  (Death  Valley,  Iceland).  Though  Pathfinder  landed  in  a 
similar  geologic  setting  as  Viking- 1,  the  size  frequency  distribution  of  rocks  is 
closer  to  the  values  found  at  Viking-2  which  landed  on  the  ejecta  material  of  a  nearby 
crater.  On  average,  12-16%  of  the  surface  is  covered  by  rocks  larger  than  a  few 
centimeters  in  diameter,  whereas  locally  this  value  can  reach  30%.  Very  similar 
results  were  found  at  terrestrial  sites,  e.g.  at  the  abandoned  alluvial  fan  Mars  Hill  in 
Death  Valley. 


THE  MAGNETIC  PROPERTIES  OF  THE  MARTIAN  DUST  AS 
STUDIED  ON  THE  MARS  PATHFINDER  LANDER. 

S.F.  Hviid1,  M.B.  Madsen1,  H.P.  Gunnlaugsson1,  J.M.  Knudsen1,  W.  Goetz1, 
A.R.  Dinesen1,  C.T.  Mogensen1,  C.T.  Pedersen1 ,  R.B.  Hargraves2  listed  Lab! 
oratory,  DK-2100  Copenhagen  0,  Denmark  and  2Princeton  University,  New 
Jersey,  USA.  ^bmadsenOfys. ku.dk  and  2robh@princeton.edu 

Two  magnet  arrays  were  mounted  on  the  Mars  Pathfinder  lander.  Each  array 
consists  of  five  ” bull’s-eye”  magnets  constructed  to  ensure  a  high  variation  of 
the  strength  of  the  magnetic  field  -  and  field  gradient  -  at  the  surface  of  the 
instrument.  Besides  the  magnet  arrays  the  Pathfinder  lander  carried  a  tip  plate 
magnet.  The  tip  plate  magnet  is  placed  about  7  cm  from  the  eye  of  the  camera, 
and  was  imaged  through  a  diopter  lens  to  increase  resolution. 

These  instruments  were  exposed  to  the  dust  suspended  in  the  Martian  atmo¬ 
sphere.  As  well  the  magnet  arrays  as  the  tip  plate  magnet  attracted  dust.  The 
magnet  arrays  were  imaged  through  the  various  filters  of  the  Imager  for  Mars 
Pathfinder  (IMP).  The  results  obtained  will  be  discussed. 

Some  of  the  SNC-meteorites  contain  a  ferrimagnetic  phase,  titanomagnetite. 
Is  there  a  direct  connection  between  the  magnetic  properties  of  the  Martian 
surface  rocks  and  the  magnetism  of  the  soil  on  Mars?  Some  aspects  of  the 
history  of  the  Martian  soil,  i.e.  its  formation  and  possible  evolution  are  recorded 
in  the  magnetic  phase  in  the  soil. 


SURFACE  MORPHOLOGY  AT  THE  PATHFINDER  LANDING 
SITE. 

R,  Jaumann,  E.  Hauber,  J.  Oberst,  K.-D.Matz,  and  F.  Trauthan 

(DLR,  Institute  of  Planetary  Exploration,  Berlin)  and  the  Pathfinder  Imaging  Team 

The  morphology  of  the  Pathfinder  landing  site  shows  small  elongated  ridges.  These 
ridges  extend  to  the  horizon.  Within  a  radius  of  app.  100  m  the  Imager  for  Pathfinder 
(IMP)  camera  provided  stereoscopic  information.  Photogrammetric  analysis  of 
images  were  carried  out  to  obtain  a  digital  terrain  model  and  to  map  ridges  and 
troughs  within  this  radius.  Panoramic  images  were  inspected  on  stereoscopic  screens 
to  help  in  the  identification  of  ridge  crests  by  the  human  eye.  Coordinates  have  been 
measured  for  about  2000  ridge  crest  points.  Ridges  were  found  to  have  wavelengths 
of  about  10-20  m  and  elevations  of  1-3  m  on  average.  Maps  of  the  ridge  crest  points 
show  that  ridges  and  troughs  are  generally  oriented  from  SW  to'  NE,  with  minor 
lineaments  oriented  from  S  to  N  and  SE  to  NW.  The  dominant  SW  to  NE  directions 
is  consistent  with  the  Tiu  Vallis  direction  of  mass  transportation;  the  S  to  N  and 
NW  to  SE  directions  fit  with  the  main  orientations  of  Ares  Vallis.  These  three 
directions  of  material  transportation  at  the  end  of  Are  and  Tiu  Valles  can  be  identified 
in  Viking  orbiter  images  by  those  streamlined  islands  which  have  been  eroded  by 
both  channels.  Crater  counts  show  Ares  Vallis  to  be  older  than  Tiu  Vallis.  Tiu 
Vallis  material  has  to  some  extent  modified  the  pre-existing  Ares  Vallis  materials 
but  the  last  deposition  events  of  both  channels  are  still  visible,  suggesting  that 
deposition  was  the  major  geological  process  in  this  area. 


Photometry  of  Selected  Materials  at  the  Mars  Pathfinder  Landing  Site 

J.  R.  Johnson,  L.  Soderblom,  and  R.  Kirk,  L.  Gaddis  (U.S.G.S,  Flagstaff,  AZ),  R.  Reid, 
P,  H.  Smith,  M.  Lemmon,  and  D.  Britt  (LPIVUA),  N.  Thomas  (MPAE),  J.  Bell 
(Cornell),  N.  T.  Bridges,  R.  Anderson(JPL),  S.  M.  Murchie  (APL/JHU),  A.  Dummel, 
G.  Arnold,  P.  Lampen,  F.  Trauthan  (DLR,  Institute  fur  Planetenerkundung,  Berlin, 
Germany) 

Three  imaging  sequences  obtained  from  a  variety  of  surface  regions  over  a  wide  range 
of  phase  angles  have  been  obtained  by  the  IMP  camera  onboard  the  Mars  Pathfinder 
lander.  These  photometric  data  sets  consist  of  (1)  three  small  scenes  located 
approximately  north,  south,  and  west  of  the  lander  ("photometric  spots"),  and  (2)  two 
image  strips  composed  of  three  images  each,  located  along  the  anti-sunrise  and 
anti-sunset  lines  ("photometric  equator")  extending  from  near  the  lander  to  near  the 
horizon;  and  (3)  the  large  rock  "Yogi."  The  photometric  spot  images  were  obtained  in 
six  filters  (443,  [480  or  860],  53 1, 671 , 752,  and  967  nm)  at  five  times  of  day  (0700, 
0830,  1200,  1530,  and  1700  LST)  covering  phase  angles  from  20-150  degrees.  The 
photometric  equator  images  were  obtained  in  three  filters  (443,  752,  967  nm)  at  four 
times  of  day  (0800,  1200,  1600,  and  1700  LST)  covering  phase  angles  from  -0-155 
degrees.  The  Yogi  images  were  obtained  in  four  filters  (443, 531, 671,  and  967  nm)  at 
three  times  of  day  (0740,  1500,  1640  LST)  over  Sols  55  and  56  and  at  0900  LST  on 
Sol  75.  Local  surface  facet  orientations  derived  from  stereo  models  will  be  used  to 
improve  the  accuracy  of  photometric  functions  for  individual  rocks  and  soil  surfaces. 
Preliminary  phase  functions  extracted  from  these  data  exhibit  increasing  reflectance  at 
lower  phase  angles,  indicating  a  dominantly  backscattering  photometric  function, 
although  instances  of  forward-scattering  at  large  phase  angles  are  also  present. 
Specular  scattering  geometries  may  explain  some  abnormally  high  reflectances  that 
have  hampered  preliminary  photometric  modeling  efforts.  Further  refinement  of  the 
calibration  methods  will  also  increase  the  precision  of  these  measurements. 


TURBULENCE  MOMENTS  AND  SPECTRA  IN  THE  MARTIAN 
ATMOSPHERIC  SURFACE  BOUNDARY  LAYER. 

H.EJorgensen(l),  L.Landberg(l),  S.E.Larsen(l),  J.R.Murphy(2),  J.E.Tiliman(3)  and 
G.R.Wilson(4). 

(1)  Riso  N^t.  Lab.,  Denmark.  (2)  NASA  Ames  Research  Center, (3)  University  of 
Washington^Seattle,  (4)  Arizona  State  University. 

During  the  ASI/MET  experiment  of  the  Pathfinder  mission  turbulence  data  were 
systematically  sampled  at  1  Hz  allowing  evaluation  of  statistics  of  turbulence  spectra 
and  moments  for  different  atmospheric  conditions.  Here,  we  focus  on  analysis  of  the 
temperature  and  wind  direction  signals.  The  statistics  is  stratified  by  the  thermal 
stability  of  the  atmosphere  (the  Monin-Obuchov  scale)  and  wind  speed  classes.  Since 
there  is  presently  most  confidence  in  interpretation  of  the  temperature  signals,  we  use 
the  moments  of  temperature  turbulence  and  the  temperature  profiles  to  estimate  the 
stability  conditions.  The  turbulence  moments  and  spectra  are  shown  to  scale 
satisfactorily  with  the  scaling  parameters  of  the  Monin-Obuchov  formulation.  To 
assess  the  atmospheric  variables  better,  we  have  tried  as  well  correct  the  variables  for 
the  flow  distortion  by  the  Lander  body  and  the  near  lander  orography. 


Mapping  the  Sagan  Memorial  Station  Site  with  the  IMP  Camera 

R.  Kirk,  J.  Anderson,  J.  Barrett,  K.  Becker,  T.  Becker,  A.  Bennett,  J.  Blue,  D.  Cook, 
E.  Eliason,  L.  Gaddis,  P.  Garcia,  M.  Gordon,  T.  Hare,  A.  Howington-Kraus,  C.  Isbell! 
J.  Johnson,  E.  Lee,  H.  Morgan,  B.  Redding,  T,  Rosanova,  L.  Soderblom,  R.  Sucharski! 
T.  Sucharski,  K.  Thompson,  J.  Torson,  W.  Ward  (U.S.  Geological  Survey,  Flagstaff, 
Arizona,  USA),  E.  Dorrer(Univ.  der  Bundeswehr,  Muenchen,  Germany),  P.Smith,  d! 
Britt  (University  of  Arizona,  Lunar  and  Planetary  Lab,  Tucson,  Arizona)  and  the 
Pathfinder  Science  Team,  rkirk@flagmaiI.wr.usgs.gov/Fax:  520-556-7100 

The  Imager  for  Mars  Pathfinder  (IMP)  obtained  five  panoramic  image  sets  that  permit 
detailed  mapping  of  the  landing  site  out  to  tens  of  meters  the  spacecraft.  We  have 
constructed  a  3D  control  network  of  the  site  from  points  measured  in  the  losslessly 
compressed  images  and  registered  the  other  images  to  this  network  to  construct 
seamless  panoramic  mosaics.  We  have  also  used  automated  stereo-matching 
techniques  to  construct  a  digital  terrain  model  (DTM)  that  will  be  used  to  generate  1) 
panoramic  mosaics  in  15  filter  bands,  with  parallax  between  the  two  cameras  removed; 
2)  orthorectified  mosaics  in  planimetric  view;  and  3)  contours  of  elevation  and  range! 
Distribution  plans  for  these  products  will  be  described  and  examples  shown. 
Photometric  modeling  using  the  DTM  may  also  make  it  possible  to  produce  spectral 
datasets  precisely  corrected  for  the  subtle  variations  of  solar  and  sky  illumination,  and 
DTMs  with  pixel-scale  detail  added  by  photoclinometiy.  Interactive  stereomatching 
may  permit  mapping  of  selected  landforms  to  ranges  of  hundreds  of  meters  from  the 
spacecraft. 
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IMAGER  FOR  MARS  PATHFINDER  OBSERVATIONS  OF  AEROSOL 
STRUCTURE:  TWILIGHT,  CLOUDS,  AND  DUST 

M.T.  Lemmon.  P.H.  Smith,  and  M.G.  Tomasko  (Univ.  Arizona) 

During  July  and  August  1997,  images  from  the  Imager  for  Mars  Pathfinder 
(IMP)  allowed  three  types  of  observations  that  probe  the  vertical  structure 
of  the  aerosols  (either  dust  or  ice  clouds).  First,  twilight  persists  more  than 
two  hours  before  sunrise  (or  after  sunset).  Second,  clouds  are  present 
during  the  two  hours  before  sunrise.  Third,  the  extinction  of  sunlight  when 
the  Sun  was  at  very  low  elevations  (<10°)  varies  from  day  to  day.  The 
brightness  of  the  twilight  2  hours  before  dawn  probes  the  haze  not  just 
locally  (at  Ares  Vallis)  but  also  regionally,  because  the  sunrise  terminator  is 
1700-km  distant.  The  twilight  brightness  is  a  function  of  aerosol  properties 
(measured  independently)  and  of  the  haze  structure.  A  spherical-shell- 
atmosphere,  Monte  Carlo-type  scattering  model  has  been  developed  and 
tested  and  will  be  used  to  constrain  the  vertical  structure  of  the  dust 
(specifically  the  scale  height  and  the  presence  of  layers).  The  extinction  of 
the  Sun  as  it  sets  or  rises  also  constrains  the  scale  height  and/or  the 
presence  of  layering.  Using  the  model  results,  the  contrast  and  timing  of  the 
cloud  observations  will  be  used  to  constrain  the  elevation  and  physical 
properties  of  the  clouds.  Preliminary  analysis  of  the  images  has  suggested 
that  the  scale  height  is  near  13  km,  that  there  are  discrete  layers  on  at  least 
some  days,  and  that  the  observed  clouds  are  small  particles  below  25-km 
altitude. 


OPTICAL  PROPERTIES  OF  THE  MARTIAN  AEROSOLS  AS  DE¬ 
RIVED  FROM  IMAGER  FOR  MARS  PATHFINDER  MIDDAY 
SKY  BRIGHTNESS  DATA 

W.J.  Markiewicz  (1),  R.M.  Sablotny  (1),  N.  Thomas  (1),  H.U.  Keller  (1), 
D.  Titov  (2)  and  P.  Smith  (3) 

(1)  Max-Planck-Institut  fur  Aeronomie,  Max-Planck-Str.  2,  37191  Katlenburg- 
Lindau,  Germany,  (2)  Space  Research  Institute,  Russian  Academy  of  Sciences, 
Profsoyuznaya  Ulitsa  84/32,  Moscow  117810,  Russia,  (3)  Lunar  and  Planetary 
Laboratory,  University  of  Arizona,  Tucson,  AZ  85721,  USA. 
meurklewiczClininpi.inpg.de/Fax:  [49]  5556  979  294 

Imager  for  Mars  Pathfinder  (IMP)  sequence  S0283  obtained  data  of  sky  bright¬ 
ness  as  a  function  of  the  scattering  angle,  wavelengths  and  Sol.  This  data  set  is 
fitted  with  a  model  calculations  to  extract  the  size  distribution  of  the  aerosols 
suspended  in  the  atmosphere.  The  derived  effective  radius  of  the  particles  is 
about  lm  or  less.  Farther  work  is  continuing  to  constrain  the  complete  set  of 
the  optical  properties  of  the  aerosols.  Comparison  of  models  with  the  spectral 
data  from  calibration  targets  appears  to  be  especially  promising  in  constraining 
the  near  IR  values  of  the  imaginary  index  of  refraction.  The  derived  properties 
of  aerosols  are  compared  to  those  derived  from  Viking  Landers  cameras  and 
Phobos  KRFM  spectrometer  data. 


THE  MAGNETIC  PROPERTIES  INSTRUMENTS  ON  MARS 
PATHFINDER.  POSSIBLE  USE  IN  FUTURE  MISSIONS 

M.B.  Madsen1.  S.F.  Hviid1,  H.P.  Gunnlaugsson1,  J.M.  Knudsen1,  W.  Goetz1, 
A.R.  Dinesen1,  C.T.  Mogensen1,  C.T.  Pedersen1,  R.B.  Hargraves2 

:0rsted  Laboratory,  Niels  Bohr  Institute  for  Astronomy,  Physics  and  Geo¬ 
physics,  DK-2100  Copenhagen  0,  Denmark  and  2 Princeton  University,  New 
Jersey,  USA.  1mbmadsen@fys.ku.dk  and  2robh@princeton.edu 

The  Mars  Pathfinder  lander  carried  three  different  types  of  magnetic  properties 
instruments.  Two  magnet  arrays,  one  tip  plate  magnet  and  two  ramp  magnets. 
All  these  instruments  captured  air-borne  magnetic  dust.  From  images  of  the 
patterns  of  dust  accumulated  on  the  magnet  arrays  and  the  tip  plate  magnet, 
the  saturation  magnetization  of  the  magnetic  dust  grains  has  been  estimated. 
A  magnet  array  and  a  tip  plate  magnet  are  also  part  of  the  MVACS  payload 
in  the  Mars  Surveyor  1998  mission. 

The  ramp  magnet  was  designed  to  collect  a  magnetic  fraction  of  the  dust  to 
be  analysed  by  the  APX-spectrometer  of  the  micro-rover.  This  instrument  was 
imaged,  but  unfortunately  contact  with  Mars  Pathfinder  was  lost  just  before 
this  analysis  was  planned  to  be  made.  The  science  objectives  of  this  experiment 
will  be  described  -  and  the  importance  of  the  experiment  will  be  explained. 

Similar  experiments  are  recommended  for  future  missions,  particularly  as  sup¬ 
plements  to  Mossbauer  and  APX  spectrometers. 


LATEST  RESULTS  FROM  THE  MARS  PATHFINDER:  ATMOSPHERIC 
STRUCTURE  INVESTIGATION 


J.A.  Macalhaes  (1),  A.  Seiff  (1),  J.T.  Schofield  (2),  J.R.  Barnes  (3),  D.  Crisp  (2),  R. 
Haberle  (I),  S.  Larsen  (4) ,  J.  Murphy  (1),  G.  Wilson  (1)  (1):  M.S.  245-3,  NASA  Ames 
Research  Center,  Moffett  Field,  CA,  94035,  USA,  magalhaes@ga! ileo.arc.nasa.gov  (2): 
Jet  Propulsion  Laboratory,  Pasadena,  CA,  USA  (3):  Oregon  State  University,  Corvallis, 
OR,  USA  (4):  Riso  National  Laboratory,  Roskilde,  Denmark  DK^OOO 


The  Mars  Pathfinder  Atmospheric  Structure  Investigation  (ASI)  obtained  information  on 
Martian  atmospheric  structure  from  three  science  accelerometers,  which  measured  the 
deceleration  of  the  probe  at  all  levels  in  the  atmosphere,  and  a  pressure  sensor,  which 
obtained  pressure  measurements  in  the  lower  atmosphere  starting  at  about  7.4  km 
altitude.  The  Pathfinder  entry  profile  represents  the  first  in  situ  measurement  of  Martian 
atmospheric  structure  since  the  Viking  landings  in  1976  and  the  first  opportunity  to 
study  Mars'  nighttime  atmospheric  structure. 


The  temperature  profile  reveals  a  middle  atmosphere  (65  km  to  125  km  altitude)  which 
is  on  average  20-25  K  colder  than  the  Viking  1  values.  The  minimum  temperature  of  the 
profile  at  80  km  altitude  is  well  below  the  C02  condensation  temperature,  suggesting  the 
possible  formation  of  nighttime  CO.  clouds  in  the  middle  atmosphere.  In  the  lower 
atmosphere  temperatures  are  somewhat  warmer  than  or  close  to  the  Viking  1  values, 
contradicting  groundbased  microwave  observations  suggesting  a  much  cooler  i 
atmosphere  at  these  altitudes.  We  will  report  on  the  latest  results  and  interpretations  of 
the  atmospheric  structure  found  by  Mars  Pathfinder. 


THE  COLOUR  OF  THE  MARTIAN  SKY  AND  ITS  INFLUENCE 
ON  THE  ILLUMINATION  OF  THE  MARTIAN  SURFACE 
W.J.  Markiewicz  (1),  N.  Thomas  (1),  H.  U.  Keller  (1)  and  P.  Smith  (2) 

(1)  Max-Planck-Institut  fur  Aeronomie,  Max-Planck-Str.  2,  37191  Katlenburg- 
Lindau,  Germany,  (2)  Lunar  and  Planetary  Laboratory,  University  of  Arizona, 
Tucson,  AZ  85721,  USA. 

maxkiewiczClinmpi.mpg.de/Fax:  [49]  5556  979  294 

The  optical  depth  of  the  atmosphere  during  the  first  months  of  Mars  Pathfinder 
mission  was  measured  by  Imager  for  the  Pathfider  (IMP)  to  be  about  0.5  in 
the  visible.  The  atmospheric  scattering  and  extinction  of  solar  photons  is  due 
to  aerosols  and  leads  to  a  reddening  of  the  sky.  The  diffuse  sky  brightness  pro¬ 
duced  by  the  scattering  contributes  significantly  to  the  total  illumination  of 
the  surface.  The  difference  in  spectrum  of  the  direct  solar  and  the  diffuse  sky 
illuminations  effects  the  apparent  colour  of  rocks,  soil  and  any  other  imaged 
surface  as  a  function  of  optical  depth  of  the  atmosphere,  solar  zenith  angle 
and  surface  topography.  Images  obtained  through  various  geological  filters  at 
various  time  of  day  are  discussed  illustrating  the  strength  of  this  effect.  Ra¬ 
diative  transfer  within  the  modeled  Martian  atmosphere  is  used  to  understand 
the  diffuse  contribution  to  the  spectral  characteristics  of  the  surface  images. 
Models  are  compared  with  images  of  the  calibration  target  and  sky  itself. 


Pathfinder  landing  site  coordinates:  The  perspective  from 
the  inertial  and  the  global  cartographic  system. 

J.  Oberst.  W.  Zeitler,  R.  Jaumann 
(DLR  Institute  of  Planetary  Exploration) 

Tiepoint  measurements,  sunrise/sunset  images,  and  photogrammetric 
adjustment  techniques  were  used  to  obtain  precise  pointing  data  with 
respect  to  North  for  a  set  of  33  IMP  horizon  images.  We  measured 
azimuth  angles  for  5  horizon  features,  which  can  be  reliably  identified 
in  Viking  Orbiter  data,  and  determined  the  Pathfinder  location  in  terms 
of  line/sample  coordinates  in  Viking  images  by  least-squares  methods. 
To  provide  global  cartographic  context  of  the  landing  site,  we 
recomputed  inertial  coordinates  for  3739  selected,  globally  distributed, 
ground  control  points  ("landmarks")  seen  in  1140  Viking  Orbiter 
images  using  a  global  bundle  block  adjustment.  The  inertial  coordinates 
of  the  Pathfinder  and  Viking  Lander  1,  derived  from  lander  tracking, 
were  used  as  fixed  "anchor  points"  in  the  analysis.  This  currently  best 
network  of  control  points  defines  the  relationship  between  the  inertial 
and  the  cartographic  coordinate  system  of  Mars,  and  may  help  in  optical 
navigation  and  mapping  tasks  for  future  orbiter  missions  to  this  planet. 
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IMP  Image  Calibration 

Reid,  R.  J.  [1],  Smith,  P.  H.  [1],  Thomas,  N.  [2],  Dummel,  A.  [3] 

[1]  The  University  of  Arizona  /  Lunar  and  Planetary  Laboratory,  [2]  Max  Planck 
Institute  for  Aeronomy,  [3]  DLR,  Institute  of  Planetary  Exploration.  R.  J.  Reid: 
breid@Ipl.arizona.edu 

The  Imager  for  Mars  Pathfinder  (IMP)  has  returned  high-quality  image  data  from  the 
surface  of  Mars.  Data  quality  is  in  good  agreement  with  expected  performance  based 
on  laboratory  calibration.  Extensive  laboratory  calibration  resulted  in  a  pixel-to-pixel 
uncertainty  of  <2%  (after  flat  fielding)  and  an  uncertainty  in  absolute  radiance  of 
<10%.  In  addition,  two  radiometric  targets  (RTs)  and  numerous  color  targets  (CTs) 
were  calibrated  by  DLR  to  <4%  uncertainty  in  absolute  reflectance.  Instrument  and 
target  performance  were  verified  with  several  datasets  obtained  during  cruise  and  on 
Mars.  Dark  frames  obtained  during  the  mission  agree  with  laboratory  measurements, 
and  flat  fielding  of  sky  frames  indicates  successful  removal  of  pattern  noise.  Relative 
responsivity  was  verified  by  measuring  the  sky  above  the  horizon  in  the  three  stereo 
filters,  producing  agreement  of  typically  <1%  between  the  eyes.  Radiance  measured 
relative  to  the  RTs  for  the  same  dataset  show  agreement  in  stereo  filters  to  <3%.  CT 
radiances  measured  relative  to  the  RT  radiances  are  also  in  good  agreement  to  labora¬ 
tory  results.  Additional  scene-dependent  uncertainty  is  induced  by  lossy  image  com¬ 
pression  that  was  applied  to  several  datasets.  In  general,  the  performance  of  the 
instrument  and  calibration  targets  appears  to  be  nominal. 


THE  CHEMICAL  COMPOSITION  OF  MARTIAN  SOIL  AND 
ROCKS  AT  THE  PATHFINDER  LANDING  SITE:  CURRENT 
RESULTS  FROM  APX  MEASUREMENTS. 

R.Rieder,  H.Wanke,  J.Bruckner  and  G.Dreibus,  MPI  fur  Chemie, 
Mainz,  Germany.  T.Economou  and  A.Turkevich,  LASR,  University  of 
Chicago.  J.Crisp,  JPL,  California  Institute  of  Technology,  Pasadena. 
H.Y.McSween,  Jr.,  University  of  Tennesee,  Knoxville 

After  the  successful  landing  of  Mars-Pathfinder  on  July  4,  1996, 
chemical  composition  measurements  have  been  performed  on  six  soil 
and  five  rock  samples  by  the  Alpha-Proton-Xray  Spectrometer 
attached  to  the  Sojourner  microrover.  Preliminary  results,  based  on  the 
evaluation  of  Xray  data  only,  have  been  published  earlier.  Following  a 
careful  recalibration  with  particular  emphasis  on  the  correction  for 
contributions  to  the  alpha  spectra  by  the  Martian  atmosphere,  data 
from  all  three  modes  (Alpha,  Proton  and  Xray)  have  now  been 
evaluated  and  the  results  are  presented:  The  general  picture  does  not 
radically  change.  However,  directly  measured  data  on  oxygen  and 
upper  limits  for  carbon  are  now  available  and  the  accuracy  of  the 
results  for  other  elements  could  be  been  moderately  improved.  In 
particular,  data  on  oxygen  permit  to  define  bounds  for  the  oxidation 
state  of  iron  and  the  chemical  form  of  sulfur. 


REFLECTION  FUNCTIONS  OF  MARTIAN  SOILS  NEAR  THE 
CARL-SAGAN-MEMORIAL-STATION 

R.M.  Sablotny,  W.J.  Markiewicz,  N.  Thomas  and  H.U.  Keller 
Max-Planck-Institut  fur  Aeronomie,  Max-Planck-Str.  2,  37191  Katlenburg- 
Lindau,  Germany. 

sablotny01inmpi.mpg.de/Fax:  [49]  5556  979  219 

Optical  investigations  by  the  Imager  for  Mars  Pathfinder  (IMP)  of  soils  near 
the  landing  site  show  distinctive  regions  with  a  wide  range  of  spectrophotomet- 
ric  properties.  APX-spectrometer  measurements,  however,  have  shown,  that  all 
sampled  soils  have  similar  composition.  The  apparent  colour  and  shade  vari¬ 
ations  observed  by  IMP  could  be  due  to  variations  of  surface  grain  sizes  or 
their  state  of  compactness.  Several  targets,  images  of  which  are  available  at 
different  illumination  conditions  and  at  different  wavelengths  were  chosen  for 
the  present  study.  Spectrophotometric  properties  of  these  targets  are  derived 
by  fitting  Hapke’s  bi-directional  reflectance  function.  The  illumination  by  the 
diffuse  Martian  sky  is  taken  into  account. 


THE  IMAGER  FOR  MARS  PATHFINDER  EXPERIMENT  (IMP) 

Smith,  P.  H.  [1] 

[1]  Lunar  and  Planetary  Lab,  University  of  Arizona,  Tucson,  AZ  85721  USA, 
psmith@lpl.arizona.edu 

For  85  sols  Mars  Pathfinder  sent  back  pictures  of  the  surface  of  Mars  that  have  been 
analyzed  to  produce  a  comprehensive  visualization  of  the  Ares  Vail  is  landing  site. 
From  the  nearly  17,000  images,  a  contour  map  of  the  surface  has  been  generated  and 
overlain  with  spectral  information  and  rock  distributions.  These  form  the  database  that 
can  be  further  studied  by  scientists  throughout  the  world.  In  addition  to  information 
about  the  surface,  a  complete  description  of  the  atmospheric  haze  and  its  variation 
over  the  course  of  the  mission  has  been  developed.  Extensive  cross  checks  of  the  IMP 
give  us  confidence  that  the  pre-flight  calibration  is  still  valid  throughout  the  mission. 
The  illumination  of  the  the  rocks  and  soil  by  the  colored  sky  has  also  been  studied  and 
the  spectral  signatures  for  soil  and  rocks  are  now  available.  Magnets  on  the  lander 
returned  information  concerning  the  strongly  magnetic  windbom  dust  and  windsocks 
on  the  ASI/Met  mast  showed  some  evidence  of  wind  gusts. 


EARLY  RESULTS  FROM  THE  MARS  ORBITER  LASER  ALTIMETER 
EXPERIMENT:  AN  OVERVIEW 

D.E.  Smith  (1),  M.T.  Zuber  (2, 1),  J.  B.  Garvin  (1),  J.W.  Head  (3),  H.V.  Frey  (1),  D.O. 
Muhleman  (4),  R.J.  Phillips  (5),  S.C.  Solomon  (6),  G.H.  Pettengili  (2),  H.J.  Zwally  (1), 
W.B.  Banerdt  (7),  and  T.C.  Duxbury  (7) 

(1)  NASA  GSFC,  Greenbelt,  MD,  (2)  MIT,  Cambridge,  MA,  (3)  Brown  Univ., 
Providence,  RI,  (4)  CalTech,  Pasadena,  CA,  (5)  Washington  Univ.,  St.  Louis,  MO,  (6) 
Carnegie  Institution,  Washington,  DC,  (7)  NASA  JPL,  Pasadena,  CA 
dsmith@tharsis.gsfc. nasa.gov/Fax:  1-301-286-1757 

In  the  Fall  of  '97  the  Mars  Orbiter  Laser  Altimeter  (MOLA)  on  the  Mars  Global 
Surveyor  (MGS)  Mission  acquired  data  over  the  northern  hemisphere  of  Mars  between 
latitudes  80N  and  10S.  A  total  of  18  orbital  tracks  equally  spaced  in  longitude  were 
obtained.  The  altimeter  performed  flawlessly  with  a  precision  of  -40  cm;  the  radial 
orbit  accuracy  is  a  few  tens  of  meters.  The  topography  of  Mars'  northern  hemisphere 
shows  significant  flatness  over  thousands  of  kilometers  with  gentle  slopes  and  a 
roughness  that  increases  near  the  dichotomy  boundary.  Data  over  the  layered  polar 
terrain  show  significant  smoothness  compared  to  the  surrounding  area  with  a 
corresponding  increase  in  brightness  at  1.06mm.  Many  craters  were  observed  with 
distinct  central  peaks  and  extensive  ejecta  blankets  and  appeared  to  be  deeper  than 
expected.  Channels  associated  with  Tharsis  and  other  volcanic  structures  were  found 
to  be  deeper  than  expected  and  showed  little  evidence  of  erosion.  Volcanic  flows  have 
been  identified  throughout  the  hemisphere.  The  altimeter  also  provided  estimates  of 
atmospheric  opacity  and  possible  cloud  heights. 


The  Mars  Pathfinder  Super  Pan:  USGS  Analysis  and  Processing 

L.  Soderblom,  J.  Anderson,  J.  Barrett,  K.  Becker,  T.  Becker,  A.  Bennett,  J.  Blue,  D. 
Cook,  E.  Eliason,  L.  Gaddis,  P.  Garcia,  M.  Gordon,  T.  Hare,  A.  Howington-Kraus,  C. 
Isbell,  J.  Johnson,  R.  Kirk,  E.  Lee,  H.  Morgan,  B.  Redding,  T.  Rosanova,  R. 
Sucharski,  T.  Sucharski,  K.  Thompson,  J.  Torson,  W.  Ward  (U.S.  Geological  Survey, 
Flagstaff,  Arizona,  USA),  P.Smith,  D.  Britt  (University  of  Arizona,  Lunar  and 
Planetary  Lab,  Tucson,  Arizona)  and  the  Pathfinder  Science 
Teamrkirk@flagmail.wr.usgs.gov/Fax:  520-556-7100 

In  the  third  week  after  landing,  the  Imager  for  Mars  Pathfinder  began  an  intensive 
photographic  survey  of  the  landing  site.  More  than  2000  images  (about  90%)  of  this 
Super  Pan  were  taken  over  an  8-week  period.  At  each  camera  position,  15  frames 
were  collected:  6  for  color  stereo  (440,  670,  965  nm)  and  9  for  spectrophotometry 
(left  800,  860,  900,  930,  1000  nm;  right  480,  530,  600,  750  nm).  The  red  and  blue 
stereo  pairs  were  losslessly  compressed  (1.3:1)  and  the  remaining  frames  were 
compressed  2:1.  Interframe  overlap  was  increased  over  earlier  mosaics  to  aid 
automated  processing.  After  radiometric  correction,  digital  terrain  models  (DTMs)  are 
derived  for  each  15-frame  set  using  a  digital  photogrammetric  workstation,  and  these 
are  used  to  perform  a  3D  rotation  of  each  frame  onto  the  right-red  base  image.  A  3D 
control  net  is  derived  by  identification  of  tie-points  between  frames,  orientations  of  all 
frames  are  adjusted  relative  to  one  another,  and  the  frames  and  their  local  DTMs  are 
tmsformed  to  global  coordinates  to  make  mosaicked  products.  Examples  of  these 
stages  show  the  precision  and  quality  of  the  products  and  their  use  in  3D  analyses  of 
rocks,  soils,  and  drifts  at  the  Ares  Vallis  site. 
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THE  SULFUR  CONTENT  OF  THE  MARTIAN  CORE  REVIS¬ 
ITED:  CONCLUSIONS  FROM  MARS  PATHFINDER  TRACKING 

F.  Sohl  (1)  and  T.  Spohn  (1) 

(1)  Institut  fur  Planetologie,  Munster,  D-48149  Germany. 
sohlOuni-aiuenster.de/Fax:  [49]  251  83  39083 

The  Martian  interior  is  generally  believed  to  consist  of  an  Fe-FeS  core  of  about 
half  of  the  planetary  radius,  an  FeO-rich  silicate  mantle  subdivided  into  a  lower 
spinel  layer  and  an  upper  olivine  layer,  and  a  less  dense  basaltic  crust.  Due  to 
the  lack  of  seismological  observations,  however,  core  size  and  crust  thickness 
estimates  are  only  weakly  constrained  by  the  oblateness  of  the  gravity  field 
and  by  the  chemical  composition  of  the  silicate  phase  as  derived  from  possible 
Martian  meteorites.  The  accurate  determination  of  Mars’  spin-axis  precession 
period  by  radio  tracking  observations  of  the  Mars  Pathfinder  lander  therefore 
provides  the  most  reliable  constraint  on  internal  mass  distribution.  The  recently 
inferred  polar  moment  of  inertia  factor  closely  matches  the  maximum  possible 
value  CfMR 2  =  0.365  formerly  based  on  the  assumption  of  Tharsis-dominated 
nonhydrostatic  contributions  to  the  planet’s  gravity  potential.  A  further  con¬ 
straint  on  interior  structure  models  is  imposed  by  the  geochemical  requirement 
of  a  chondritic  bulk  composition  of  Mars.  This  suggests  a  core  composition  of 
roughly  40%  Fe  and  60%  FeS  by  mass  corresponding  to  a  sulfur  content  of 
about  20  wt.%  and  a  significant  reduction  of  melting  temperature  in  the  core. 
While  mantle  temperatures  are  found  to  be  sufficiently  high  to  prevent  the  core 
alloy  from  inner  core  solidification,  pressures  close  to  20  GPa  at  the  base  of  the 
mantle  appear  to  be  insufficient  for  the  spinel  to  perovskite  transition  to  occur. 


MONTE  CARLO  MODELING  OF  THE  DIFFUSE  FLUX  NEAR 
ROCKS 

M.  W.  Wuttke  (1),  N.  Thomas  (i),  H.  U.  Keller  (1),  P.  H.  Smith  (2),  C. 
Stoker  (3)  and  T.  Blackmon  (3) 

(1)  Max-Planck- Institut  fdr  Aeronomie,  Max-Planck-Str .  2,  D-37191 
Katlenburg-Lindau,  (2)  LPL,  The  University  of  Arizona,  Tucson,  Arizona 
85721,  USA,  (3)  NASA  Ames  Research  Center,  Moffet  Field,  CA  94035-1000, 
USA. 

Manfred.Wuttke01inmpi.mpg.de/Fax:  [49]  5556  979  141 

Rocks  around  the  Pathfinder  spacecraft ,  imaged  by  the  IMP  camera ,  e.  g.  Yogi, 
show  color  variations  that  change  with  the  time  of  day.  This  is  interpreted  as 
being  caused  by  a  high  ratio  of  diffuse  to  direct  flux  of  the  illuminating  light. 
The  diffuse  flux  is  reddened  with  respect  to  a  solar  spectrum.  The  direct  flux 
on  an  object  depends  upon  the  orientation  of  the  surface  with  respect  to  a 
solar  spectrum.  The  direct  flux  on  an  object  depends  upon  the  orientation  of 
the  surface  with  respect  to  the  sun.  Thus,  the  radiation  field  at  a  point  on  the 
surface  depends  upon  the  orientation  of  the  surface  and  the  surrounding  topog¬ 
raphy.  To  understand  and  assess  this  effect  we  use  a  3D  Monte  Carlo  radiative 
transfer  code  which  incorporates  a  realistic  model  of  the  surface  elements.  Be¬ 
side  the  ray-tracing  of  photon  histories,  treatment  of  surface  reflection  as  well 
as  scattering  by  atmospheric  components  is  included.  Our  model  calculations 
reproduce  the  observed  trends  in  the  diffuse  to  direct  flux  ratio.  The  real  re¬ 
flectance  spectra  of  the  targets  will  be  constructed  from  the  IMP  data  utilizing 
these  calculations  / 


MEASUREMENTS  OF  THE  ATMOSPHERIC  WATER  VAPOUR  ON  MARS 
BY  THE  IMAGER  FOR  MARS  PATHFINDER 

D.V.  Titov  (1),  W.J.  Markiewicz  (2),  N.  Thomas  (2),  H.U.  Keller  (2),  R.  Sablotny  (2), 
M.Lemmon(3),  M.  Tomasko  (3),  and  P.  Smith  (3). 

(1)  Space  Research  Institute,  Profsojuznaja  84/32,  117810  Moscow,  Russia, 
titov@im.iki.rssi.ru. 

(2)  Max-Planck-Institut  fur  Aeronomie,  Max-Planck-Str.  2,  D-37191 
Katlenburg-Lindau, Germany. 

(3)  Lunar  and  Planetary  Laboratory,  University  of  Arizona,  Tuscon,  Arizona  85721, 
USA. 

The  Imager  for  Mars  Pathfinder  (IMP)  observed  the  Sun  in  the  0.94  micron  H20  band 
and  in  the  continuum  around  it.  The  observations  were  carried  out  at  the  sunrise  and 
sunset  to  obtain  great  air  masses  in  the  atmosphere.  The  measured  water  vapour 
absorption  was  about  1.5%  that  corresponds  to  H20  column  density  of  6(+/-)4 
precipitable  microns.  It  was  found  that  the  IMP  observations  are  hardly  consistent  with 
the  usual  assumption  of  water  being  uniformly  mixed  in  the  atmosphere.  The  observed 
abrupt  increase  in  absorption  with  decreasing  Sun  elevation  implies  that  most  of  the 
atmospheric  water  is  confined  in  a  thin  (1-3  km)  layer  near  the  surface.  The  water 
vapor  mixing  ratio  in  the  layer  is  600(+/-)400  ppm. 


MARS’  ROTATION  AND  PRECESSION  FROM  PATHFINDER 
AND  VIKING  RADIO  TRACKING  DATA 


C.  F.  Yoder  and  C.  F.  Yoder,  W.  M.  Folkner,  D.  N.  Yuan,  E.  M.  Standish 
and  R.  A.  Standish 

Jet  Propulsion  Lab,  CalTech,  Pasadena  CA  91109. 

Charles . F . Yoder 0 j pi . nasa . gov 


Doppler  and  range  tracking  to  both  the  Mars  Pathfinder  lander  and  Viking 
landers  have  been  used  to  determine  the  processional  motion  of  Mars  spin  axis 
and  seasonal  variations  in  Mars  axial  rotation.  These  orientation  parameters  are 
particularly  sensitive  to  the  Doppler  data.  Viking  S-band  Doppler  sensitivity  is 
about  lmm/sec  while  X-band  Pathfinder  data  noise  level  is  10  times  smaller. 
Mars  precession  is  caused  by  a  solar  gravitational  torque  acting  on  the  oblate 
figure  of  Mars  and  also  depends  on  Mars  moment  of  inertia.  The  estimated 
precession  rate  of  Mars’  equator  relative  to  its  orbit  from  this  combined  data  set 
is  -7576  ±35  mas/  yr  (milli-arc-seconds) .  The  corresponding  moment  estimate 
is  0.3662  ±  0.0017  and  is  consistent  with  previous  theoretical  estimates  which 
argued  that  Tharsus  volcano  was  the  primary  contributor  to  its  nonhydrostatic 
figure.  This  estimate  is  also  consistent  with  interior  models  which  have  a  mantle 
enriched  with  iron  compared  to  Earth.  We  have  also  solved  for  periodic  terms 
in  rotation  with  periods  ranging  from  1  to  1/4  Martian  year.  However,  only  the 
annual  and  semiannual  terms  are  deemed  significant.  The  annual  term  agrees 
quite  well  with  a  simple  model  for  ice  cap  history  where  air  pressure  changes 
are  used  as  a  proxy  for  differential  mass  changes.  These  and  additional  solution 
parameters  such  as  lander  locations  shall  be  discussed. 


THE  MARTIAN  SURFACE  BOUNDARY  LAYER:  LATEST  RE¬ 
SULTS  FROM  MARS  PATHFINDER 

G.  R.  Wilson  (1),  S.  Larson  (2),  J.  R.  Murphy  (3),  A.  Seiff  (3),  R.  M. 
Haberle  (3),  J.  Magalhaes  (3),  D.  Crisp  (4).,  J.  T.  Schofield  (4)  and  J.  R. 
Barnes  (5) 

(1)  Arizona  State  University  and  NASA  Ames  Research  Center,  (2)  Risoe  Na¬ 
tional  Laboratory,  (3)  NASA  Ames  Research  Center,  (4)  Jet  Propulsion  Labo¬ 
ratory,  (5)  Oregon  State  University. 
gwilsonChmnbabe.arc.nasa.gov/Fax:  [650]  604-4680 

The  Mars  Pathfinder  Atmospheric  Structure  Instrument/Meteorological  pack¬ 
age  (ASI/MET)  is  the  most  capable  weather  monitoring  system  ever  sent  to  the 
surface  of  another  planet.  During  the  surface  operations  phase  of  the  mission, 
the  ASI/MET  instrument,  equipped  with  a  directional  wind  sensor,  three  ther¬ 
mocouples  at  0.25,  0.5,  and  1.0  meter  above  the  surface,  and  a  pressure  sensor 
has  returned  more  than  6.5  million  individual  weather  measurements  from  the 
Carl  Sagan  Memorial  Station.  One  of  the  prime  objectives  of  the  ASI/MET 
package  is  to  characterize  surface  boundary  layer  parameters,  particularly  the 
heat  and  momentum  fluxes,  scaling  temperature  and  friction  velocity,  and  es¬ 
timate  surface  roughness.  Other  important  boundary  layer  parameters,  such 
as  Richardson  Number,  Obukhov  length,  analysis  of  turbulence  characteristics 
of  wind  and  temperature,  and  atmospheric  stability  class  can  also  be  deter¬ 
mined  from  these  measurements.  The  latest  results  from  this  investigation  will 
be  presented. 


INTERNAL  STRUCTURE  OF  MARS  AND  Fe/Si  RATIO 

V.N. Zharkov,  T.V.Gudkova  (Institute  of  Earth  Physics,  B. Gruzinskaya,  10, 
123810  Moscow,  Russia) 

We  have  constructed  a  set  of  Martian  models, which  consist  of  the  crust,  the 
mantle  and  the  core.  The  starting-point  of  our  paper  is  Waenke-Dreibus 
cosmochemical  model.  The  construction  of  the  models  of  the  crust  and  the 
core  is  considered  as  a  separate  problem. 

The  mantle  models  had  been  constructed  on  the  basis  of  the  experimental 
data  for  Martian  composition  and  then  they  were  joined  our  models  of  the 
crust  and  the  core.  Mineralogical  models  of  Martian  crust  were  developed 
using  the  method  of  numerical  simulation.  The  mineral  composition  of  the 
consolidated  crust  varies  with  the  depth  because  of  the  transition  of  gabbro- 
edogite  type.  The  data  on  the  structure  of  the  outer  layer  of  the  Moon  were 
taken  into  account  in  modeling  the  outer  (10  km),  porous  layer  of  the  planet. 
Computations  were  performed  for  the  compositions  of  basaltic  SNC 
meteorites  and  for  four  variants  of  the  temperature  distribution  in  the  crust. 
The  experimental  data  on  the  system  Fe-S-H-C  are  summarized, 
cosmogonical  arguments  in  favor  of  the  presence  of  hydrogen  and  carbon  in 
the  Martian  core  are  given  and  the  influence  of  hydrogen  and  carbon  on  the 
physical  parameters  of  the  core  is  estimated.  The  core  radius  depends  on 
many  factors:  it  is  very  sensitive  to  the  density  at  the  top  of  the  mantle,  the 
temperature  distribution,  the  density  of  the  core  and  the  thickness  of  the 
crust. 
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